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ABSTRACT 
There are little data avai lable for en ironmental pol lution, as well as air pol lution and 
tati tical information published in the United Arab Emirates. Especially, Abu Dhabi Emirate, 
has been the location of the UAE's most persistent and extreme levels of industrial oil waste 
and chemical smog and air pollutants which produces sulphur diox ide emission. In addition, 
has a high vehicle population, which produces carbon monoxide emission from the motor 
ehicle exhaust. The acute tox icity of carbon monox ide (CO) has long been recognized and 
well  documented. The motor vehicle is by far the largest contributor to Co accounting for 55% 
of total emissions. The tremendous increase in the number and use of motor vehicles has been 
accompanied by a rapid increase in Co emissions. 
The air of this study was to investigate oil refinery and traffic air pol lution especial ly sulphur 
diox ide emissions around industrial oil refinery in both Onshore and Offshore areas of Abu 
Dhabi Emirate. Additionally, to measure and estimate the emssion of CO from motor vehicle 
exhaust in AI Ain City of Abu Dhabi Emirate. Then, to study the effect of air pol lution and its 
risk exposure on human health. 
The present material was based on three set of data: 1 - Sulphur Dioxide emissions in 
Onshore in Habshan for a period of 1 992 and 1 995 years; 2- Sulphur Diox ide emissions in 
Offshore in Das Islands ( Sahi l  vi l lage, Storex ,  Telecommunication Bui lding and Zakum area) 
for a period of 3 1 st January 1 990 and 3 1 st December 1 994; 3- Carbon Monoxide (Co) 
exposure from motor vehicles exhaust were measured over a 2 months period from September 
v 
to ovember 1 995 at the three locations of AI Ain City. A specifical ly designed questionnaire 
wa applied to the randomly selected cars to direct the required information on the following 
topic : make of the car, model of the car by year, size of the car in cylinder, engine capacity in 
liters, how many undriven per day, how often having service for the car, type of the car in 
size, reason for driving and type of fuel . 
The results of Sulphur diox ide emissions in atmosphere at Habshan Abu Dhabi Emirate, 
during a period between 1 992 and 1 995 years are presented. This yearly mean concentrations 
of SUlphur diox ide in Habshan generally varied from about 1 3  �g/m3 to 60 �g/m3, although on 
two years 1 994 and 1 995,  there were a peak in concentration of 60 �g/m
3 . It is l ikely that this 
peaks were attributable to emissions from power plants or other industrial processes. I t  might 
that the background sulphur diox ide concentrations were attributable to both industrial oil 
refmery and vehicular emissions. The graphic trends show that the monthly average 
concentration for sulphur diox ide for Habshan was below the guidelines given by World 
Health Organization (WHO, S02 = I 25 �g/m
3 
). Overall, the frequency of occurrence and 
magnitude of sulphur diox ide peaks in Habshan will depend on factors such as wind speed 
and directions, dry bulb temperature, wet bulb temperature and relative humidity. 
Furthermore the results from this area did not exceed the air quality criteria for sulphur 
diox ide. 
VI 
In off: hore, Das Is land, Sulphur Dio ' ide emissions are investigated during January 1 990 and 
December 1 994. The yearly and monthly mean concentrations of sulphur diox ide in Das 
Islands (Sahil Vil lage, torex , Telecomms Bui lding & Zakum), Abu Dhabi Emirate, generally 
varied from 6 �g/m
3 to 70 pg/m3 during a period between 1 st January 1 990 and 3 1  st December 
1 994, for five years. Although, regularly a high peak was observed in Zakum and Storex areas 
for the aforementioned intervals. The graphic trends showed that the monthly average 
concentrations for Sulphur Dioxide in Das Island (Zakum, Storex,  Telecomms Building and 
Sahil Vil lage) were below the guidelines given by World Health Organization. However, the 
frequency of occurrence and magnitude of Sulphur Dioxide peaks in Das I slands were depend 
on factors such as wind directions, wind speed, dry bulb temperature, wet bulb temperature 
and relative humidity . Furthermore, the results from this area did not exceed the air quality 
criteria for sulphur dioxide except for Zakum and Storex areas there were some abnormal in a 
short time. Comparing the produce data for the 1 994 with the data of provious years 
( 1 990, 1 99 1 , 1 992 & 1 993), it can be seen that the level of emission of S02 has been dropped. 
This reduction is due to the commissioning of new desulphurized plant in Das Island which 
treats hydrogen sulfide gas associated with the oil and gas production activities. 
Final ly, the results on Carbon Monoxide exposure from motor vehicles exhaust in AI Ain City 
of Abu Dhabi Emirates for a period between 1 st September - 1 3th November 1 995 was 
presented. Significantly, pol lution by Carbon Monox ide resulting mostly from traffic was 
detected in the urban and sub-urban areas of Al Ain City. No cars are manufactured in UAE 
vii 
and no regulations as regard to the emission on imported cars are being enforced at the 
moment. Analyses of variance revealed that the factors such as make of car, type or size of 
cyl inder, type of fuel, size of car, maintaining service of the car exerted the greatest influence 
on the amount and concentration of carbon monox ide. 
In conclusion in this study, the degree of air pollution in the industrial and residential areas of 
bu Dhabi Emirate and Carbon Monoxide exposure from motor vehicles exhaust in Al Ain 
City wa investigated including the various factors and conditions which influence the air 
pol lution levels. In the variations of sulphur diox ide in Onshore and Offshore were depends on 
wind speed directions, dry bulb temperature and relative humidity. Overal l, sUlphur diox ide 
emission in Onshore and Offshore was below the guidelines given by World Health 
Organization. 
The tremendous increase in the number and use of motor vehicles has been accompanied by a 
rapid increase in CO emissions. A great deal and attention should be paid to the effects of CO 
exposure to the concentrations commonly found in urban air which caused almost wholly by 
traffic pol lution. Petrol engine is the main source of this urban pol lutant and as traffic 
becomes denser and more wide-spread the problems imposed by the inhalation of relatively 
low concentrations of CO are l ikely to grow rather than diminish. These problems could be of 
special concern in countries where the number of vehicles has increased dramatical ly. Having 
assessed air pol lution emissions and ambient concentrations within the Abu Dhabi Emirate 
then we should develop control strategy where necessary. However, consideration should be 
given to the future expansion of towns and cities towards industrial emission sources, and the 
viii 
potential decrease in the air qual ity of residential areas as a possible consequence. Overall the 
findings of this study has emphasized the importance of sulphur diox ide emissions from 
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ENVIRONMENTAL AIR POLLUTION ANALYSIS 
IN SELECTED AREAS OF ABU DHABI EMIRATE 
2 
CHAPTER - ONE 
1.1 INTRODUCTION 
The primary aim of air qual ity criteria is to provide a basis for protecting human health 
from adverse effect of air pol lution and for eliminating, or reducing to a minimum, 
those air pollutants that are known, or likely to be, hazardous to human health and well-
being. 
I t  i important to take an integrated view of both health and ecological effects in air 
quality management. Significant adverse effects of pol lution on ecological systems have 
been observed at concentrations below those known to be harmful to humans and 
furthermore, ecological effects may have a significant indirect influence on human 
health and wel l-being. 
Atmospheric air pollution is defined as the presence of contaminate in the ambient air 
space (usual ly outdoors) in such concentrations and of such duration, which can be 
inj urious to human l ife, vegetation, property or to interfere with comfort. 
Earth has an innate capacity for di lution and dispersion of atmospheric pollutants 
involving long time and large volumes. Most pol lutants thus dispersed eventually re­
enter the biosphere and hydrosphere via the scavenging action upon the atmosphere of 
precipitation processes. 
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But the high concentration of pollutants from the sources and to its nearby surrounding 
wi ll ha e an ad er e effects on the environment, particularly when atmospheric 
disper al capacity is rendered ineffective during periods of reduced air mass movement 
or stagnation. Concentration is extended, producing greater exposures of contaminant 
materials to the inhabitants, vegetation and property with consequent undesirable 
effects. 
The en ironmental impact of air pollution in UAE thus may be taken into account and 
can be classified in the fol lowing terms: 
1 )  Effects of health of the habitants ( immediate and long terms). 
2) Effects on vegetation. 
3) Obstruction to the visibility 
4) Long term effects on equipment 
5) Foul odours 
We wil l  discuss the effect of air pol lution on human health and on vegetation as 
fol lows: -
1.2 E FFECTS OF A I R  POLL UTION ON H UMAN HEALTH 
Ambient air pol lutants can cause several significant effects on human health which 
range from irritation and odour annoyance to acute and long-term toxic effects, 
including carcinogenic effects. 
4 
The nature and extent of the ad erse effect of air pollution wil l  depend on the nature of 
the pollutant, its concentration, the period of exposure and also the age, health and other 
characteristics of the subject since individuals display an enormous range of sensitivity 
to pol lution. 
The health effects of major air pollutants are summarised in Table 1 . 1 , 1 .2 & 1 .3 .  As 
this summary i l lustrates, exposure to nitrogen dioxide, sulphur diox ide and ozone have 
imilar effects on health, namely on respiratory symptoms and lung function. The health 
significance of carbon monoxide as an air pollutant is its property of combining with 
blood in preference to oxygen, and of lead as a neurotox in and cumulative poison. 
The health effects of suspended particulates are dependant on their size but they can 
pass into the lungs with soluble components entering the bloodstream and they may 
carry toxins and carcinogens with them. What is termed "smoke" can in some cases be a 
major constituent of the suspended particulate matter. I t  is generally assessed in terms of 
blackness (calibrated to micrograms per cubic metre) to relate to dirtying and other 
environmental effects as wel l  as links with health. 
M any hydrocarbons are harmless, at least at environmental levels, but some, including 
benzene and several PAHs are known human carcinogens. For others, including 1 ,  3 
butadiene, there is  evidence of carcinogenic activity in animal studies, on which 
possible risk estimates for humans are based. 
5 
Toluene is among a range of hydrocarbons that have effects on the central nervous 
ystem at substantial concentrations, but at environmental levels features such as odour 
thre hold ar used in determining guidelines. 
1.3 EFFECTS OF AIR POLLUTION ON VEGETATION 
Mo t of the major air pol lutants are known to have significant adverse effects on 
ecological systems and often at concentrations below those known to be harmful to 
humans. The sensitivity of plants to pol lution is highly dependant on the type of plant 
and the nature and dose of pol lution and also on factors such as plant age, ambient 
temperature, l ight intensity, relative humidity, soi l nutrition, soil moisture and wealth 
conditions. 
In general, plants become more sensitive to air pol lutants at higher temperatures (for 
example, plant sensitivity to sulphur dioxide increases to a maximum at 30°C) and also 
at high relative humidities. Low soi l moisture general ly decreases sensitivity to all air 
pol lutants by causing closure of the stomata and therefore reducing pollutants uptake. 
Ornamental trees and shrubs, many of them tropical species are the dominant vegetation 
of Abu Dhabi City. Species are chosen for their aesthetic value, to provide shade, to 
provide wind breaks and to stabilise the dry sandy soi l .  
I t  i s  understood that there is l ittle agricultural or market gardening activity in Abu Dhabi 
Emirate, and none in the Abu Dhabi City area. 
1.4 ADVERSE P UBLIC H EALTH EFFECTS OF POLLUTANTS 
6 
Carbon Monoxide. CO is absorbed by the human lung from inhaled air and there reacts 
primari ly with hemoprotein, most notably with the hemoglobin of the circulating blood. 
The absorption of CO results in a reduction in the O2 carrying capacity of blood and in 
the readiness with which the blood gives up O2 to the tissues. Continuous exposure to 
levels as low as 10-35 mg/m3 (9-30 ppm) of CO over an 8 - hour period resulted in 
impainnent of visual and time interval discrimination, and physiological stress in 
patients with heart disease. B lood COHb levels in humans of about 2-5% are associated 
with the detrimental effects of CO; such a level could result from exposure to over 40 
mg/m
3 
for 1 hour or more. Most flora are relatively insensitive to CO at the relatively 
low levels of concentration found to be toxic for animals (NAPCA for Carbon 
Monoxide - 1970) 
Hydrocarbons. There is  presently no indication of any direct health effects on 
populations of gaseous HC in ambient air although as reactants in photochemical 
processes HC can indirectly be l inked with the adverse health effects of the resultants 
photochemical oxidants. 
I nj ury to sensitive plants has been reported from ethylene concentrations of from 1, 15 
to 575 ug/m3 (0.001-0.3 ppm) over a period of 8 to 24 hours (NAPCA for Hydrocarbons 
- 1970). 
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Sulphur Dioxide. The basis for the proposed (short-term) air quality standard for sUlphur 
dioxide is the World Health Organization assessment of experimental exposure studies 
in which the lowest observed effect level (smal l temporary llmg function changes in 
ensitive subjects) was considered to be 1000 pg 1m3 . A safety factor of 2 was then 
introduced to provide a guideline of 500 pg 1m3 . 
ominally this was related to the 10 minute exposure periods as used in the 
experimental studies, and a judgement was made that 10 minute peaks of that order of 
magnitude could arise when hourly averages were around 350 pg 1m3 . 
The proposal is that a figure of 250 pg 1m3 might be specified as the 98th percentile of 
the distribution of hourly values through the year. In the circumstances prevai ling in the 
Emirate, where there are j ust a l imited number of industrial sources from which plumes 
might give rise to shorter-term peak values in the vicinity, rather than the very numerous 
and more widespread sources present in many European countries this type of standard 
may be more appropriate than one based on 24 hour averages (which, in the case of the 
EC is inter-related with accompanying smoke). 
At certain locations it would be a relatively stringent requirement, but one that could 
probably be easily met over most of the Emirate where there are few sources, 
monitoring being required primari ly in any populated locations close to suspect 
(industrial) sources .  Continuous instrumentation would be required for this purpose. 
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This situation that may not be wholly covered by this proposal is where extremely 
transient exposure (only a minute or so at a time) may occur close to a major source 
where a plume may be blown arow1d in various directions by the wind. 
This is something that cannot be catered for effectively in any air qual ity standard, nor 
can it be monitored adequately. It is generally dealt with by setting emission limits and, 
using dispersion modell ing techn iques to calculate maximum (transient) ground level 
concentrations. No fIrm basis exists for assessing effects of such transients, but the 
WHO data would suggest that to protect sensitive individuals, the chance of occasional 
peaks occurring in a range of 1000 to 3000 Ilg 1m3, as averaged over a few minutes, 
should be small .  
1.5 POLLUTANTS SOU RCES 
Carbon Monoxide. CO is the most widely distributed and the most commonly occurring 
air pol lutant. Total emissions of CO to the atmosphere exceed those of all other 
pol lutants combined. 
Natural source and sinks for co. Several natural CO sources have been identifIed, but 
their contribution to urban atmospheric concentrations is small .  They include volcanic 
gaseous emissions, electric storms, natural gas emissions, forest fIres, upper atmosphere 
photodissociation cf CO2, and emissions from some plants, algae, and sea-weeds.  
Several removal processes, or "sink," have been postulated to explain the apparent 
constancy of background CO levels. 
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These processes inc lude; the migration of CO to the upper atmosphere, where oxidation 
to CO2 rna subsequently take place; the removal of CO by the terrestrial and marine 
biosphere , through processes such as the metabolic conversion of CO and CO2, CH4 
and O2 by soil microorganisms· the binding of CO to porphyrin compounds in plants 
and animals with subsequent oxidation of the CO to CO2; an interaction between CO 
and ocean water, or some agent therein and the adsorption and subsequent oxidation of 
CO on various surfaces. The precise mechanisms of removal of CO from the 
atmosphere have not yet been identified.  Some of the CO sinks discussed above are 
highly speculative and may actual ly contribute rather than remove CO from the 
atmosphere. 
Technological sources of co. co is found among the combustion products of organic 
materials used as fuels. Transportation activities represent the largest source category. 
Other major technological sources of CO emissions are stationary heat-generating 
faci l ities, industrial processes, and solid-waste combustion. Carbon Monoxide is also 
fonned in explosions and in the firing of weapons. I t  occurs in high concentrations in 
cigarette smoke. 
I ncomplete combustion of C ore-containing compounds creates varying amounts of 
CO. The chemical and physical processes that occur during combustion are complex, 
because they depend not only on the type of C compounds reacting with 02> but also on 
the conditions existing in the combustion chamber. 
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Despite the complexity of the combustion process, certain general principles regarding 
the formation of CO from the combustion of HC fuels are widely accepted. 
Ga eous or liquid HC fuel reacts with O2 in a chain of reactions that result in CO. CO 
then reacts with OH- to form CO2, This second reaction is approximately 11 10 as fast as 
the first. 
Consideration of this mechanism leads to four basic variables that control the 
concentration of CO in all combustion of HC. These are: ( 1) O2 concentration; (2) flame 
temperature' (3) gas residence time at high temperature; and (4) combustion chamber 
turbulence. 
O2 concentration affects the formation of both CO and CO2 because O2 is required in the 
initial reactions with the fuel molecule and in the formation of OH-.  As the avai labi l ity 
of O2, increases more complete conversion of CO and CO2 results. Flame temperature 
affects both the formation of CO and the conversion of CO to CO2 is also enhanced by 
longer residence time because this is a relatively slow reaction compared to CO 
formation. Increasing combustion-gas turbulence increases the overal l reaction rates by 
providing an additional mechanism for bringing the reaction species together in addition 
to the relatively slower gaseous diffusion mixing processes . 
1 1  
1.6 HC OURCES 
atural sources. Most natural sources of HC emissions are biological in nature. Small 
and highly local ized quantities of lower-molecular-weight HC are attributed to 
geothermal areas, fossil fuel fields and natural fires. A conservative estimate of the 
world natural production rate of CH4 or all HC calculated as CH4 is 3 x 108 tons/yr. A 
simi lar estimate of 4.4 x 108 tons/yr has been made for volatile terpenes and isoprenes, 
which are emitted from vegetation, particularly conifers (NAP A for Hydrocarbons -
1970). 
Technological sources. HC pollutants originate primari ly from the inefficient 
combustion of fuels  particularly the more volatile fuels, such as gasoline, and from the 
use of HC as process raw materials, such as solvents. 
1.7 CONTRIBUTION OF MOTOR VEmCLES TO TOTAL ENVI RONM ENTAL 
EMISSIONS 
Emission from the motor vehicles contributes directly high concentration of harmful 
gases which are mainly : 
1) ational Air Pol lution Control Administration for Carbon Monoxide (CO) 
( 1970) 
2) National Air Pol lution Control Administration for Hydrocarbons (HC) ( 1970) 
3) U.S .  Environmental Protection Agency for Nitrogen Oxides (NOx) ( 197 1) 
4) National Air Pol lution Control Administration for Photochemical Oxidants ( 1970) 
1 2  
I n  the UAE, emissions from motor vehicles contributes directly or indirectly to 
adversely high ambient air concentrations of four major environmental pollutants -
carbon monoxide (CO), hydrocarbons (HC) mtrogen oxides (N0x)' and photochemical 
o idants. Thi chapter considers the detrimental to publ ic health effects and present 
concentrations of these pollutants in metropolitan areas and then focuses on the role of 
motor ehicles in generating the pol lutants and the control technology relating to motor 
vehicle emissions - those used now and future possibi lities. 
In the United States of America, air pollutant emission estimates for the year 1 969 are 
shown in Table 1 transportation sources account for most of the CO, HC, and NOx and, 
of the total man-made sources, account for 74%, 54% and 47%, respectively. 
Table 2 is an analysis of emissions from transportation sources. Motor vehicle emissions 
data are based on the results of the new U.S .E.P .A ( 1 972) Federal test procedure. 
Combining the data in Tables 1 and 2, it appears that on a nationwide basis motor 
ehicles (gasol ine and diesel) account for about 65% of the CO emissions, 37% of NO x 
emissions, and 46% of the HC emissions (U.S .EPA for Air Pollutant Emissions - 1 969). 
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Effects on human health 
Combines with haemoglobin in 
blood, reducing oxygen carrying 
capacity . Possible effects on central 
nervous and cardiovascul ar systems. 
Structural changes in lung at high 
concentrations, small lung function 
changes and possible reductions in 
resistance to infection at lower 
levels. 
Readily absorbed on inhalation 
causing irritation of respiratory tract 
and increased difficulty in breathing 
among some sensitive people. 
Principal constituent of 
photochemical smog, liable to 
produce small changes in lung 
function. 
Taken up in the blood and distributed 
to soft tissues and bone. Possible 
neurobehavioural effects in young 
children. 
Smoke particles and other particles 
can contribute along with S02 and 
other pollutants, to irritant effects 
and increases in respiratory 
symptoms. Traces of carcinogenic 
substances can also be carried on the 
particles. 
Of concern through reactions with 
N02 to fonn photochemical smog, 
rather than for direct effects, but 
some components, such as benzene, 
have carcinogenic effects. 
Effects on vegetation 
High concentrations 
cause plant grmvth 
abnonnal ities 
Contributes to acid rain 
and smog. 
Inhibits plant growth 
and at high 
concentrations damages 
levels. 
Contributes to acid rain. 
Inhibits plant growth 




inhibit plant growth and 
higher concentrations 
damage leaves. 
Suspected of being 
involved in forest 
decline. 
Unknown 
Presence of dust of 
particulates on leaves 
can inhibit growth, 
increase plant 
sensitivity to infection 
and damage leaves. 
Some are toxic and/or 
cause plant growth 
abnormalities. 
Table 1 .2 Existing Air Qual ity Criteria for the Protection of Human Health 
Countr IOrganization 













100 ",g/m3 annual mean 
200 ",g/m3 98 percentilea of 
hourly means 
80 - ] 20 ",g/m
3 




98 percentilea of 
hourly mean 
3 
10 8 mg/m hour mean 
3 
40 mg/m 1 hour mean 
12 mg/m
3 








average of hourly 
values in 8 consecutive hours 
6 mg/m
3 
98 percentilea of 8 
hour mean 
Guidel ines 









150 ",g/m 24 hour mean 
3 
400 ",g/m 1 hour mean 
J 0 mg/m3 8 hour mean 
30 mg/m
3 
1 hour mean 
60 mg/m
3 
30 minute mean 
100 mg/m
3 
15 minute mean 













80 Jlg/m3 50 percentilea of 
dai ly mean 
250 Jlg/m3 98 percentileb of 
dai ly mean 
90 Jlg/m3 98 percentilea of 24 
hour mean 
3 
80 Jlg/m annual mean 
3 
365 Jlg/m 24 hour mean 
Annual median of 




120 Jlg/m3 if smoke 
<40 Jlg/m3 
Winter median of 












> 150 Jlg/m3 and 
350 Jlg/m3 if smoke 
<150 Jlg/m
3 
110 Jlg/m3 daily average of 
hourly values 
3 
280 Jlg/m 1 hour mean 
6 mg/m
3 




40-60 Jlg/m annual mean 
3 
100-150 Jlg/m 24 hour mean 
3 
50 Jlg/m annual mean 
3 
125 Jlg/m 24 hour mean 
3 
1300 Jlg/m 3 hour mean 
40-60 Jlg/m3 
annual mean 
1 00- 1 50 Jlg/m3 
dai ly mean 
3 
50 Jlg/m annual mean 
3 
125 Jlg/m 24 hour mean 
3 
350 Jlg/m 1 hour mean 
500 Jlg/m3 10 minute mean 
1 5  
1 6  
a. i .e .  ninety eight percent of the hourly (for nitrogen dioxide) or dai ly (for sulphur 
dio ide and smoke) concentration values wi ll be below this level and two percent 
above. 
b. i .e .  fifty percent of the hourly (for nitrogen dioxide) or dai ly (for sulphur dioxide 
and smoke) concentration values wi l l  be below tbis level and fifty percent above. 
This generally corresponds with the geometric mean, and is fairly close to the 
annual (arithmetic) mean. 
Table 1 .3 Air Qual ity Guidel ines for the Protection of Vegetation 









30 Vg/m annual mean 
95 vg/m3
 
4 hour mean a 
5 - 20 Kg N/Ha/Yr critical load 
30 Vg/m3 critical level 
3 
30 Vg/m annual mean 
3 
100 vg/m 24 hour mean 
I 3 . 60 vg m growmg season mean 
65 Vg/m3 24 hour mean 
200 vg/m3 1 hour mean 
a. In the presence of sulphur dioxide and ozone annual average no >30 vg/m3 and 
growing season average not > 60 Vg/m3 . 
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Table 1 .4 Estimated Nationwide Emissions 1 969 (U.S .  Environmental Protection 
Agency for Air Pollutant Emissions - 1 969) 
( 1 06 ton/year) 
Sources CO HC NOxa SO a Part 
Tran portat ion 1 1 1 . 5 1 9 .8  1 1 .2 1 . 1  0 . 8  
Fuel combustion in tationary sources 1 . 8 0.9 1 0 .0 24.4 7.2 
Indu trial Processes 1 2 .0 4 .8 0 .2 7 .5  1 4 .4 
olid Disposal 7 .9 2 .0  0.4 0.2 1 .4 
Miscellaneou b 1 8 .2 9.2 2 .0 0.2 1 1 .4 
Total 1 5 1 .4 36 .7 23 .8  33 .4  3 5 .2 
% Contribution From Transportation 74% 54% 47% 3% 2% 
�Ox expressed as N02 and SOx expressed as S02' 
bMiscellaneous sources include forest and structural fires, coal refuse fires agricultural 
operations, solvent evaporation, and gasol ine marketing. 
Table 1 . 5 Summary of Emissions from Transportation 
Sources, 1 969 (U.S .  Environmental Protection Agency for Air Pollutant 
Emissions - 1 969). 
( 1 06 TonfYear) 
Sources CO HC NOxa SO a x Part 
Motor Vehicles Gasoline 96.8 1 6 .9 7.6 0.2 0.3 
Diesel 1 .0 0.2 1 . 1  O. l 0 . 1 
Total 97 .8 1 7 . 1  8 .7  0 .3  0 .4 
Air Craft 2 .9 0 .4 0.4 0. 1 0 . 1 
Rai l Roads 0 . 1 0. 1 0 . 1 0 .2 O . l 
Vessels  l . 7 0 .3  0 .2  0 .3 0 . 1 
Non-Highway Use of Motor Fuel 9 .0 1 .9 1 .8 0.2 0. 1 
Total 1 1 1 . 5 1 9 .8  1 l .2 1 . 1  0 .8  
% Contribution from Motor Vehicles 88% 86% 78% 27% 50% 
a Ox expressed as N02 and SOx expressed as S02' 
1 8  
Hi toricall , Los Angeles Cal ifornia, has been the location of the world 's  most 
per istent and extreme levels of chemical smog. Los Angeles not only has topographical 
and meteorological characteristics which favor the accumulation of pol lutants and are 
conducive to photochemical reactions but, in addition, has a high vehicle popUlation. As 
the r sult of a highly effective regulatory program for stationary sources since World 
War I I ,  motor vehicles contribute, in comparison to other cities, an abnormally high 
percent of the total of manmade pollutants in that area. Using Table 3 which l ists the 
average dai ly emission rates from technological sources in Los Angeles Country in 
1 97 1 ,  it appears that motor vehicles were responsible for 98% of the reactive HC 
emISSIOns. 
The pollutant contribution of motor vehicles to total errussIOns varieS from one 
metropol itan area to the next and emission surveys have been conducted in various U.S .  
c ities to determine the nature and amount of air pollutants emitted in these communities. 
the relative contributions from different emission sources vary with each area surveyed. 
Table l .6 Lo Angeles Country Emissions (Air Pol lution Control - 1 97 1 ) ­
Dail Average (Tons/Dayst 
RCa 
ources CO Total Reactiveb NOx SOx 
Motor Vehic les Gasol ine 8945 1 6 1 0  1 1 70 740 35  
Die  e l  1 5  1 0  
d 
1 5  
Total 8960 1 620 1 1 70 755 35  
Aircraft 1 35 80 30 1 5  5 
Indu trial Chemical 1 05 1 5  1 0  1 1 5 
Metal lurgical 5 1 5  5 
Mineral 1 0  
Petroleum 5 295 60 95 55 
Other 240 55  
Power Plants 5 1 00 35  
Commercial 55  1 0  25 
Residential 65 1 5  25 
Total 9 1 05 2465 1 35 5  1 050 2050 
Percent Contribution of 98% 66% 86% 72% 1 4% 
Motor Vehicles 
a I nc ludes both hydrocarbons and other organic gases. 
b Signifies hydrocarbons that are photochemically reactive. 
C All  values rounded to the nearest 5 tons/day. 
d 
Dash denotes 2 . 5  tons/day or less. 
1 9  
Part 
45 
1 0  
55 
1 5  
1 0  
1 0  
5 
1 0  
5 
5 





Observed Level of Air Pollution 
Background Levels. Background levels of CO NOx HC, and oxidants which result 
from both natural and technological sources have been determined for various nonurban 
areas which are considered to be relatively unpolluted. the range of values observed for 
each pollutant is shown in Table 1 . 7 .  







I solated areas 
Pollutant  
Average (North America) 
Oxidant 
29 - 1 1 50 
700 - 1 000 
65 
1 . 8 - 2 .5  
1 0 . 
20 - 60 
ppm 
.025 - 1 .0 
1 . 1  - 1 .5 
0 . 1 
.00 1 0  - .00 l 3  
0 .006 
0.0 1 - 0.03 
1 .  ational Air Pol lution Control Administration for Carbon Monoxide ( 1 970) 
2. National Air Pollution Control Administration for Hydrocarbons ( 1 970) 
3 .  U . S .  Environmental Protection Agency for Photochemical Oxidants ( 1 97 1 )  
4 .  ational Air Pol lution Control Administration for Photochemical Oxidants ( 1 970) 
1 .8 AMBI ENT A I R  QUALITY STANDARD S 
2 1  
I n  accordance with the Clean ir Act Amendments of 1 970 - The Clean Act, December 
1 970 Washington U Go ernment Printing Office the EPA established primary and 
econdary ambient air qual ity standards for six major pol lutants including CO, HC 
02' and oxidant (NP AAQS - 1 97 1 ) . The primary standards provide for the 
protection of publ ic health and the secondary standards for the prevention of the many 
other undesirable effects of air pollution pertaining to public welfare. 
Table 1 . 8 National Ambient Air Quality Standards (National Primary and Secondary 
Ambient Air Quality Standards - 1 97 1 )  
Carbon Monoxide 
Primary and econdary Standard : 
Hydrocarbons 
Primary and secondary standard: 
itrogen Dioxide 
Primary and secondary standard : 
Photochemical Oxidants 
Primary and secondary standard : 
1 0  mill igrams per cubic meter (9 ppm) -
maximum 8 hour concentration not to be 
exceeded more than once a year. 
40 mil l igrams per cubic meter (35 ppm) -
maximum 1 hour concentration not to be 
exceeded more than once a year. 
1 60 micrograms per cubic meter (0.24 ppm) -
maximum 3 hour concentration 96 to 9 A .M) 
not to be exceeded more than once per year. 
1 00 micrograms per cubic meter (0.05 ppm) -
annual arithmetic mean. 
1 60 micrograms per cubic meter (0.08 ppm) -
maximum 1 hour concentration not to be 
exceeded more than once per year. 
1 .9 MOTOR VEH ICLE EMISSIONS 
In  ntory of Motor Vehicle Usage 
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orne basic statistics on motor vehicle usage are shown in Table 1 .9 .  In  1 969 there were 
over 1 05 mil l ion pri ately owned motor vehicles registered in the United States. This 
inc luded some 86.9 mil lion (8 1 %) passenger cars 0.4 mill ion (0.3%) buses, and 1 7 .9 
mil l ion ( 1 7%) trucks (AF&F - 1 97 1 ). Over 1 1 % of these were registered in California 
alone. During 1 969, Americans consumed 88 bi l l ion gal lons of highway motor fuel in 
accumulating over 1 ,070 bi l l ion vehicle miles divided evenly between urban and rural 
roads. ote the entries on percentages of totals for mileage on urban streets, number of 
vehicles registered, and fuel consumed, giving an assessment of the general ratings 
between various types of vehicles. 
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Table 1 .9 Motor Vehicle Tra el on All Roads & Streets in United States 
(Automobi le Facts & Figures - 1 97 1) 
o u rce Pa e nge r Trucks Com mercia l chool Motor All Motor 
Ca rs Buses Buses cycles Vehicles 
Vehicle Miles Traveled 
(Bi l lion) 
Main Rural Roads 295 .2 1 00.7 0.9 0.8 * 397.6 
Local Rural Roads 97.6 29.7 0.2 0.9 * 1 28 .5  
Urban Streets 466.0 76.3 1 .9 0.4 * 544.5  
Total 858 .8  206.7 3 .0  2 . 1 9.2 1 070.6 
0 0 on Urban treets 54% 37% 63% 1 9% 5 1 % 
umber of Vehicles 86,86 1 1 7 87 1  90.3 274. 2,295 1 07,39 1 
Registered (Thousands) 
% of total number 8 1 %  1 7% 1 %  1 %  2% 1 00% 
Average miles per vehicles 9 782 1 1 ,565 33 ,300 7,409 4,020 9,969 
Fuel consumed (mi l l ion 62,325 24,727 657 290 1 23 88, 1 22 
gal . )  
�o of total fuel  consumed 7 1 %  28% 1 %  1 %  1 %  1 00% 
A erage fuel consumed per 7 1 8  1 ,384 7,276 1 ,058 54 82 1 
veh icles (gal lons) 
Average miles per gal lon 1 3 .6 8.36 4 .58  7.00 75.0 1 2 . 1 5  
fuel 
Separate estimates of motor cycles - separate from passenger cars by Highway category 
not avai lable. 
The acute toxicity of Carbon Monoxide (CO) has long been recognized and well  
documented. CO is a colorless gas without any perceptible odour and is high toxic when 
inhaled reacting with the hemoglobin in the blood to produce carboxyhaemoglobin 
(HbCO). The range of CO affinity for hemoglobin is 200 - 270 times as great as that for 
oxygen - Igaz, A ( 1 992), thus reducing the amount of oxygen del ivered to the tissues. 
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The motor ehicle is by far the largest contributor to CO accounting for 55% of total 
mi ions. The tremendous increase in the number and use of motor vehicles has been 
accompanied by a rapid increase in CO emissions. A great deal of attention has recently 
be n paid to the effects of CO exposure to concentrations. 
Commonl found in urban air which caused almost whol ly by traffic pol lution. petrol 
engine i the main source of this urban pol lutant and, as traffic becomes denser and 
more widespread, the problems imposed by the inhalation of relatively low 
concentrations of CO are likely to grow rather than diminish. These problems could be 
of special concern in countries where the number of vehicles has increased dramatically. 
this study presents a discussion of health effects of CO, predicts the vehicles emission of 
this gas and uses relationships between CO concentration 111 alr and 
Carboxyhaemoglobin to estimate HbCO levels from environmental 
conditions. 
1. 1 0  H EALTH E FFECT OF CARBON MONOXIDE (CO) 
exposure 
Globally petrol and diesel engines emit almost half of the carbon monoxide, 
hydrocarbons and nitrogen oxides that are given off by the burning of fossil fuels, 
according to the Organization of Economic Co-operation and Development (OECD) and 
the US's  Environmental Protection Agency (EPA). Carbon monoxide emissions in 
conventional vehicles arise from incomplete fuel combustion. The gas is non-reactive in 
the air and is absorbed by the lungs when it reacts with hemoglobin in the circulating 
blood. 
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The formation of carboxyhaemoglobin decreases the amount of oxygen del ivered to the 
tis ues. The gas also dissolved in the plasma affecting the myocardial metabol ic 
function. The e two effects cause the heart to suffer - Reference : Kent, Mudford ( 1 979). 
Carbon mono ide has a variety of physiological effects on people including slow 
reflexe , reduced visual activity, headaches and asphyxiation and can ki l l  people in 
confined spaces such as garages for example. I t  does not, however, appear to affect 
materials or vegetation. 
The dangers of the absorption of carbon monoxide and its reaction with haemoglobin in 
the blood have been extensively researched. At low concentrations of CO in the air of 
busy c ity streets, road users wil l  not be aware of any discomfort from this source of 
pol lution, but this may not be true for pol icemen and others time. Relatively small 
concentrations of carboxyhaemoglobin in the blood have been shown temporari ly to 
impair mental abi l ity which is, however, only l ikely to be reached in traffic jams during 
sti l l  weather when the subject has been working hard for an hour. the consequence of 
CO inhalation on human is shown in Table 1 . 1 0 . 
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Table 1 . 1 0  Consequence of CO Inhalation on Humans 
Exposure The effect when resting or doing 
(HbCO%) light work 
80 rapid death 
60 - 70 loss of consciousness 
50 - 60 troubled behaviour 
40 - 50 tiredness 
30 strong headache 
20 more frequent breathing 
1 0  none 
A summary of control led human studies that provide useful information for evaluating 
the relationship between exposure to carbon monoxide and its health effects is given in 
Table 8 ( WH O  - 1 979). Effects of levels 1 0  percent are now causing concern. Hence the 
concentration level should not exceed 5 percent HbeO. 
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Table 1 . 1 1 ummary of exposure-effect relationships 
Expo ure Reported Effects 
(Hb %) 
(a) Behavioural Changes 
20 essentially no impairment in time discrimination 
1 1 .3 no vigilance decrement 
9 no vigilance decrement; no change in reaction time 
8 .4 no vigilance decrement 
7 .6 longer reaction times 
7 .3  disturbance in certain perceptual and cognitive processes 
5 vigilance decrement 
4 .5 longer reaction times 
3 vigilance decrement 
2 impaired performance in time-discrimination 
(b) Changes in work performance 
6 .3  decrease in maximal work time 
4 .3 decrease in a maximal oxygen uptake 
4.0 decrease in mean exercise time until exhaustion 
2 . 5  decrease in absolute exercise in  non-smoker 
(c) Aggravation of symptoms in patients with cardiovascular disease 
5 . 1  shortened time to angina response immediately after exposure 
2 .9 shortened time to angina response 2 hours after exposure 
2.9 shortened time to angina response 
2 .7  shortened time to  angina response 
Source : World Health Organization Environmental Health Criteria 1 3  Carbon - Monoxide, 
Geneva, WHO, 1 979. 
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can be seen and noted from the above literature review, the number of persons 
potentially expo ed to carbon monoxide (CO) in their work environment or from traffic 
i greater than those exposed to any other physical or chemical agent (Hosey, 1 970). 
The ational Occupational Hazard Survey (NOHS) estimates the number to be as high 
a 975 ,000 (U DH, NIO &H ( 1 977)). Although the adverse health effects of acute 
exposure to CO have been well documented (Schulte, 1 963) (Vital Statistics of the 
United tates, USDHE& W ( 1 968- 1 975)), controversy sti ll exist whether low level 
chronic exposures to CO may present a potential health risk. Various studies have 
uggested that concentrations of CO as low as 35  ppm present a possible health risk for 
indi iduals with pre-existing cardiovascular diseases (Anderson, 1 973) (Aronow, 1 972) 
(Knelson, 1 972) (Stem, 1 980) . This degree of exposure wil l  produce a carboxy­
haemoglobin (COHb) level of approximately 5%. 
Occupational exposure of carbon monoxide are of major concern when studying the 
health effects from carbon monoxide exposure. In the working environment CO levels 
wil l  exceed those levels normally found in the ambient air to which the general public is 
exposed. The automobile exhaust has been identified as a major cause and source of 
occupational exposure (Kim 1 975) .  
1. 1 1  EXISTING A I R  QUALITY CRITERIA 
These criteria for the protection of human health and vegetation are summarised in 
Tables 1 . 1 ,  1 .2 & 1 .3 respectively. 
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ational guidelines or standards for the protection of hwnan health exist for nitrogen 
dioxide, sulphur dioxide, smoke, particulates, ozone carbon monoxide and airborne 
lead. In addition, the WHO recommends guidelines for benzene, toluene, hydrogen 
ulphide and polynuclear aromatic hydrocarbons (P AHs). 
Where air qual ity standards or guidelines have been defined, protection of health has 
generally been the basic criterion, although the more easily perceived effects such as 
visibi l ity reduction, dirtying or erosion of buildings and vegetation damage have been 
important often promoting public concern in improving air quality. 
Apart from the joint consideration of sulphur dioxide and particulates, air qual ity criteria 
have dealt with pol lutants singly and have not been developed for pollution mixtures. In 
practice in industrialised areas a wide range of pollutants generally occurs 
simultaneously but no satisfactory formula has been put forward for assessing the 
combines effects of such mixtures. As a broad guide it has been recognised that for a 
number of pol lutants having similar effects, for example on the respiratory system, the 
combined effect is l ikely to be additive, or more than additive. 
1.12 T H E  D E VE LOPMENT OF CRITERIA FOR THE E M I RATE 
The many existing air quality criteria have been assembled and reviewed and used to 
suggest air quality criteria for the Abu Dhabi Emirate. The term Air Quality Criteria 
covers the information base avai lable for both standards and guidelines in 
Table 1 .2 & 1 . 3 .  Air Quality Standard - a legal ly enforceable standard, if it is exceeded 
then the authority must draw up a plan to meet the standard. Air Quality Guideline - a 
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Ie el to pro ide guidance on air qual ity and to act as a longer term objective if i t  is 
currently exceeded. The guidel ine is not designed to be enforceable by law. 
set of air qual ity standards is proposed for a number of pol lutants for which the most 
reliable health effects data exists and for which there is a potential for concern in the 
Abu Dhabi Emirate (Table 1 . 1 ) .  They are designed for the protection of human health, 
and to become legal standards they would have to be formally adopted by the Abu 
Dhabi Emirate. Guidelines are proposed to provide additional protection for human 
health and also to protect other aspects of the environment, including general cleanliness 
and vegetation (Table 1 . 1) .  Their exceedance indicates the presence of pol lution beyond 
possible natural background levels and suggests the need for some consideration of 
control measures. 
1 . 1 3  P ROPOSED A I R  QUALITY STANDARDS 
Standards are suggested for those pollutants that are widespread in the environment and 
for which there is a reasonable base of information on their effects. Where there is less 
certainty about the effects, or for pollutants related to particular industrial sources, then 
only a guideline is proposed. As a general principle, standards are only proposed for 
averaging times of most relevance to health effects. Feasibi l ity of monitoring and 
characteristics of the instrumentation avai lable have also been taken into account in the 
selection of pol lutants for possible regulatory control and in the choice of averaging 
times. 
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The air qual ity tandards being proposed apply to the outdoor environment. They may 
howe er, serve as guidance for the indoor environment together with the air quality 
guidelines. The principal source of information for developing both standards and 
guidelines has been the World Health Organization (Air Quality Guidel ines, 1 979). 
Although produced for the European Region, there was input from authorities in the 
United States and elsewhere, and the material is intended to be of general application. In  
addition, documentation accompanying national regulations has been drawn on together 
with some newer research reports where they complement or update the WHO ( 1 979) 
review. An important point to stress however is that the proposals are being made in 
the absence of comprehensive data on the actual concentrations and distribution of 
pol lutants in the Emirate, and they must be regarded as tentative at this stage. 
While WHO set out guidelines, they explain that many other factors need to be taken 
into account in developing standards from them. Among these factors are 
meteorological and topographical features of the area and the types of sources involved, 
all of which influence the way in which concentrations may vary from day to day or 
from hour to hour and in turn the way in which standards are defined. Thus it wil l  be 
necessary to review the proposals as and when more information becomes avai lable 
from monitoring activities, and in any case all standards need to be kept under review to 
take account of any new information on effects that may emerge. 
Insofar as it is mainly short-term effects on health that are best documented, having 
some basis in experimental exposure studies as well  as in epidemiological observations, 
proposals for standards are aimed mainly at the avoidance of (even very minor) 
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immediate effects. For most pol lutants, assessing risks of long term exposures over 
periods of ears or tens of years is a more difficult task and the data base is rather poorly 
defined, but in general standards designed to avoid short-term effects wi l l  provide 
ufficient control to avoid demonstrable longer-term effects also. 
I t  is suggested that the principle of expressing standards in terms of the 98th percentile 
of the di tribution of the data as used in some of the European Community air qual ity 
standards, might be fol lowed for the main gaseous pollutants, for which continuous 
monitoring would be appropriate. This allows for occasional excursions (up to 2% of 
the total time in a year) above the designated value, that could arise through extreme 
meteorological conditions. These proposals would sti l l  be expected to provide a margin 
of safety for health effects of cl inical concern even for such peak values .  
Sulphur  Dioxide 
The basis for the proposed (short-term) air quality standard for sulphur dioxide is the 
World Health Organization ( 1 979) assessment of experimental exposure studies in 
which the lowest observed effect level (smal l temporary lung function changes in 
sensitive subj ects) was considered to be 1 000 "g/m3 . A safety factor of 2 was then 
introduced to provide a guideline of 500 "g/m3 . Nominal ly this was related to the 1 0 
minute exposure periods as used in the experimental studies, and a judgement was made 
that 1 0 minute peaks of that order of magnitude could arise when hourly averages were 
3 around 350"g/m . 
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Th proposal is that a figure of  250 "g/m) might be specified as the 98th percentile of 
the di tribution of hourly alues through the year. In the circumstances prevail ing in the 
Emirates, where there are just a l imited number of industrial sources from which plumes 
might give rise to shorter-term peak values in the vicinity, rather than the very numerous 
and more widespread sources present in many European countries, this type of standard 
rna be more appropriate than one based on 24 hour averages (which, in the case of the 
EC is inter-related with accompanying smoke). 
At certain locations it would be a relatively stringent requirements, but one that could 
probably be easi ly met over most of the Emirate where there are few sources, 
monitoring being required primari ly in any populated locations c lose to suspect 
(industrial) sources. Continuous instrumentation would be required for this purpose. 
This situation that may not be wholly covered by this proposal is where extremely 
transient exposures (only a minute or so at a time) may occur c lose to a major source 
where a plume may be b lown around in various directions by the wind. this is 
something that cannot be catered for effectively in any air quality standard, nor can it be 
monitored adequately .  It is generally dealt with by setting emission limits and, using 
dispersion modell ing techniques to calculate maximum (transient) ground level 
concentrations. No firm basis exists for assessing effects of such transients, but the 
World Health Organization data would suggest that to protect sensitive individuals, the 
chance of occasional peaks occurring in a range of 1 000 to 3000 "g/m3 , as averaged 
over a few minutes, should be smal l .  
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Carbon Monoxide 
Effects of carbon monoxide fall into a different category from those of the other gases 
con idered above. Absorption takes place relatively slowly, with the carbon monoxide 
entering the blood and reducing its capacity to carry oxygen around the body. It takes 
some hours for equi l ibrium to be reached while remaining in a carbon monoxide­
polluted atmosphere, the time varying with the degree of physical activity, and equally 
the carbon mono ide is breathed out again when removed from that atmosphere. 
While moderate concentrations of carbon monoxide, somewhat beyond those normally 
encountered in ambient air, can affect the central nervous system, with some impairment 
of igi lance and other neurobehavioural attributes, the more crucial effect considered by 
World Health Organization was that on the cardiovascular system. Experimental studies 
had shown that there was aggravation of symptoms of angina during exercise in patients 
already suffering from the condition, with carboxyhaemoglobin (COHb) levels  in the 
range 2 .9  - 4 .9%. 
This is in fact a common level for smokers to reach simply through their smoking, and 
they would not in those circumstances take up further carbon monoxide from the 
ambient air. Any exposure l imits are therefore only of practical concern for the 
protection of non-smokers. World Health Organization ( 1 979) recommend a limit of 2 .5  
- 3% COHb for the protection of the general (non-smoking) population, including 
sensitive groups (those with heart disease liable to suffer from angina). The link with 
environmental concentrations is complex, since it involves assumptions about degree of 
physical activity and continuity of exposure, but the World Health Organization 
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recommendation include a guideline level of  30 "g/m
3 averaged over 1 hour and 1 0  
"g/m) averaged 0 er 8 hour , to keep below the COHb range specified. 
For consistenc of approach with the other gases a standard in the form of a 98 
percenti le of hourly mean , at 20 "g/m
3 
is proposed, which should be in l ine with other 
criteria. This could be reconsidered in the light of the observed distribution of values 
once monitoring data are available, but it seems likely that in present day conditions 
there would be no difficulty in meeting in. 
CHAPTER - TWO 
2. A I M  AND OBJECTI VES 
2. 1 T HE A J M 
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Firstly the aim of this descriptive study was to describe and to investigate oil refinery 
and traffic - related to Sulphur Dioxide as a potential risk factor in the environment 
around Oil Refinery in Abu Dhabi Emirate, both in the onshore and offshore areas . 
econdly the aim of the study was prospectively to measure the emission of Carbon 
Monoxide from motor vehicle exhaust in Al-Ain City. 
2.2 SPECIFIC OBJECTIVE S 
The specific objectives are: -
1 To quantitatively estimate the emission of CO from motor vehicle exhaust and 
the health risk exposure in Al Ain. 
2 - To determine any association between Sulphur Dioxide emission, weather 
condition, temperature and humidity . 
3 To present Sulphur Dioxide emission and air pollution distribution in 
Onshore, Habshan Area, Abu Dhabi Emirate. 
4 - To investigate Sulphur Dioxide Emission and air pollution distribution in 
Offshore Das I sland. 
5 To observe Sulphur Dioxide pol lution for monthly changes due to emission 
variations in Onshore and Offshore areas. 
6 To observe pol lution trends and to relate any changes to emission variations 
regarding temperature and humidity in Onshore and Offshore areas. 
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7 To present analyses of the resul t of Carbon Monoxide Emission from motor 
vehci le wi ll lead to setup emission standard in Al Ain city Abu Dhabi Emirate, 
since there are no emission standards in the U .A.E.  
g To recommend some criteria for prevention of undesired air pol lution episodes. 
CHAPTER - THREE 
MATERIALS AND METHODS 
3. INTROD UCTION 
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Rapid urbanisation and unprecedented industrial, economic and municipal developments 
during the last 30 years have increased the numbers of cars and trucks on the roads of 
the United Arab Emirates (UAE) by more than 500%. Consequently, harmful exhaust 
emissions such as carbon monoxide (CO), Sulphur dioxide (S02), Nitrogen Oxide (NOx) 
and hydrocarbons are also expected to have increased. In UAE, where the whole 
population (approximately 2 Mi l l ion) l ives in an area of 77,000 KM2, there are half 
mil l ion vehicles on the roads - with such a high traffic density and lack of information 
on concentration of traffic air pollutants, this study was undertaken to monitor the levels 
of air pol lutants emitted mostly from car exhausts Al Ain city . 
3. 1 G EOG RAPHY AND DEMOG RAPHY 
The United Arab Emirates l ies en the Arabian Gulf with a coast l ine of about 650 km. I t  
covers an area about 77,000 km square, most of which is flat desert except for the 
eastern side of the Peninsula, which is mountainous. It has not, humid summers and the 
annual rainfal l is less than 1 0  cm. which occurs during the winter when the temperature 
is milder. Sand storms blow in the spring from the North and the North-West. 
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E is a federation of se en emirates stretching from the borders of Qatar and Saudi 
Arabia to the Musandam peninsula, just south of the strait of Hormuz. The largest of 
which i Abu Dhabi, consisting of 87% of the total area, while Ajman is the smal lest 
with 529 km square, or 0 .33% of the total area. Before the discovery of oil in 1 958, the 
econom of the country was limited primarily to oasis agriculture, fishing, pearling and 
trade with neighbouring countries. Oil now represents 95% of total exports and 70% of 
the GDP. 
The population of the UAE was estimated to be approximately 2,0 1 1 ,400 in 1 992 
according to the estimate of the Ministry of Planning. The economic and social 
development witnessed by the UAE over the past two decades has led to significant 
demographic changes, mainly characterized by decl ining mortal ity, changing age 
structure and increasing fertil ity indigenous population. 
A significant characteristic is male :  female ratio which stands currently at 2 .2 :  1 .  Of the 
population 1 5  years and over 75% are males (Bener et al 1 994), a large proportion being 
single male expatriates which affects the male : female population ratio. In additional, 
the UAE has become highly urbanized with more than 70% of the population l iving 
either in c ities or in semi-urban townships. Only 32% are below 1 5  years of age due to 
the population pyramid caused by the expatriates, particularly males, who mainly fal l  
into the age group of 1 5  - 44 years (Bener et ai . ,  1 994). 
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3.2 SCOPE OF STUDY 
This environmental tudy is concemed with ulphur Dioxide and Carbon in the Emirate 
of Abu Dhabi .  The objective is to define present conditions and to state categorical ly 
whether or not a problem exists in the Emirate. 
The study area is the onshore and offshore areas of Emirate of Abu Dhabi as defined in Figure 
3 . 1 .  The onshore area covers 83 ,600 square kilometres. The Emirate is  predominantly desert 
with one some Oasis, and several dozen offshore island in the Gulf It has an arid desert cl imate 
with high summer temperatures, and on the coast high humidities. Winter conditions can be 
pleasantly cooL 
O F FS H O R E  
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Figure 3 . 1 
Defmition of Areas 
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1 Ain City i s  situated in the eastern part of Abu Dhabi Emirates near the Omani border. 
1 Ain is considered the Garden City" and "Cultural Capital" of the UAE. In  AI Ain 
there is an abundance of natural springs and fertile land. Long before the oil age, the 
dates and palm trees ere one of the basic sources of income, at the same time providing 
food and shelter. The city and its surrounding area has a population of about 3000,000 
and again most of this number are expatriates, reflecting the national demographic 
make-up. 
3.3 G ROWTH OF THE E M I RATE 
ince the United Arab Emirates achieved independence in 1 97 1 ,  the Emirate has 
experienced a dramatically rapid process of growth becoming one of the worlds most 
significant oi l  producers and emerging as a model of economic and social development. 
Twenty five years ago the present site of Abu Dhabi City comprised a scattering of huts 
and a fort. In 1 980 the c ity had grown to a population of 330,000 and today the 
Department of Planning has estimated that in 1 989 the population of the city and 
surrounding rural area amounts to 555 ,000. 
The fust-oil providing field came on stream in 1 962, and the ensumg oil boom 
transformed the Emirate. In 1 988 around 1 . 5 mil l ion barrels of oil per day were being 
produced. The pumping capacity is of the order of 3 mil l ion barrels per day. 
Electric ity production has also grown, and doubled in the six year period 1 980 to 1 986 
(See Figure 3 .2) .  
Abu Dh�bi 
Uf'I"IM AI Nol'" 
• Bu U,J'ht 
• ", •• b 
Figure 3 .2  
Some Principal Centres o f  Industrial Activity 
3.4 CENTRES OF POPULATION AND SENSITIVE A REAS 
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Abu Dhabi is the major centre of population in the Emirate fol lowed by Al Ain which 
has a population of around 300,000. Other centres include the Ruwais Housing 
Complex, Das I sland and Bani Yas, as wel l  as Ghayathi B ida Zayed City AI-Merfa and 





Principal Centres of Population 




The population profile is highly asymmetrical with the male/female ration being about 
70/30 a i l lustrated in Figure 3 .4 .  The is due to the presence of a relatively large 
e -patriate work force. The upper and lower tai ls of the profi le probably represent fairly 
well  the distribution of nationals. 
F i gure 3 . 5  
UA E Populat i on Profi le 
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Of particular note is the introduction of green areas and afforestation in the Emirate. At 
the end of 1 987  it was estimated that green areas covered around 28,000 hectares. In  
Abu Dhabi City the area under grass was 630 hectares and the area planted with trees 
640 hectares. 
3.5 M EASURING SC H EM ES CONCAVE STITCH ING SURVEYING AIR 
POLLUTION AROUND OI L REFINERIES 
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There are two main types of schemes for making air pol lution measurements. In  the first, 
measurements are made simultaneously at a number of fixed measuring points and are 
related to meteorological measurements made at the same time. In the second, 
measurements are made with a single instrument or group of instruments which are 
moved from point to point in a predetermined manner. 
o account is taken of meteorological data in deciding the order of sampling, but this 
information, if available, might be useful in statistical analyses of the data. To obtain 
statistical ly reliable information from discontinuous measurements, an organized 
scheme covering time and space is essential . I nfrequent measurements of short duration 
« 30 minutes) at a few locations is not recommended. 
The first scheme has the advantage that a continuous watch can be maintained on the 
levels  of air pol lution, and the variations can be related to the weather conditions. By 
comparing measurements with wind direction, for example, it may be possible to 
determine whether the pol lution is coming from refinery or not. Again, if continuous 
records are kept, they can be used for investigating complaints. 
The second scheme has the advantage that a large area can be surveyed with the 
minimum of instruments. However, manpower demands are higher than in the previous 
scheme. 
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single round of measurements may be spread over a period of several weeks and may 
th n be repeated for periods of preferably more than a year. For practical reasons, 
however, measurements might not be made at night and some weather conditions may 
not therefore be covered and this must be regarded as a limitation. The evaluation of the 
measurements gives a long-term average of pollution for the whole area and an 
indication of peak values of pol lution. Relationships with wind speed and direction can 
be derived if these data are avai lable. 
If the choice between schemes is not indicated by the objectives, it depends to some 
extent on the method of measurement and equipment avai lable. I f, for example, the 
pol lutant can be measured by col lecting over a period of a half hour or more, or by 
continuous recording, it may then be practical to maintain a 24 hour watch at a number 
of fixed points. But, at the other extreme, where the method of measurement involves 
the taking of air samples for not more than a few minutes at any one site - for example 
by drawing air through tubes of colour indicators - a statistically designed program of 
measurement is mot l ikely to be favoured. 
3.5. 1 Fixed M easuring Sites 
A - The N umber and Position of Measuring Sites 
It may be assumed that the least number of sites consistent with the objective wi l l  be 
establ ished. The location of each site is, therefore, of the utmost importance and a 
number of factors must be considered in connection with each location. There are two 
important factors in selecting sites, namely direction and distance. 
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Whi le these are considered separately in this report, in practice they may well  not be 
independent problems. 
Ideal ly, in truments should be placed all around the refinery, ensuring that there are 
instnunents downwind of the most frequent wind directions. For reasons of economy, 
this may not be possible in which case, selection of sites should be detennined by the 
prevai ling wind direction or the need to make measurements near areas susceptible to 
pol lution such as residential areas . With modern refineries, there is a tendency towards 
the single stack situation. At most, there wil l  probably be two or three stacks fairly 
c losely grouped. This contrasts with older refineries with a multiplicity of stacks. In this 
latter case, study of the stack distribution may well show a worst wind direction when a 
maximum of stack emissions are combined and this wil l  influence the final choice. 
When the directions of the measuring sites relative to the refinery have been decided, the 
next problem is distance from the source in these directions. Account must be taken of 
the height at which the pollutants are emitted - whether from chimney stacks, or from 
ground level .  
When the pol lutants are emitted near ground level (say, within about 1 0  m from the 
ground) the maximum concentration wil l  be just downwind of the source and the 
concentration wi l l  decrease with distance downwind. But, when the pollutants are 
emitted from a stack, they wil l  not reach the ground for some distance downwind of the 
stack.  The ground level concentration will then rise fairly rapidly to a maximum value, 
after which it wil l  decrease slowly with distance downwind. Plainly, there is no point in 
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measuring such pollutants at points too near the stack. It is theoretical ly possible to 
calculate the distance of the maximum alue from the stack for a given output from the 
chirnne and a given set of weather conditions, but as this distance wi ll vary from day to 
day. a precise calculation does not serve much purpose. As a general rule, the position of 
the maximum lies between 20 and 30 stack heights from the base of the stack, so the 
nearest ite should not be closer than 20 stack heights from the stack.  There is no such 
restriction for pol lutants emitted at ground level .  
With older refineries where there may wel l  be many widely distributed stacks, the 
po ition of maximum concentration may be difficult to estimate without detailed 
computer calculations. If this is not possible, it is worthwhile carrying out preliminary 
measurements at different distances from the refinery to detect the worst affected areas. 
The most distant measuring site need not to be more than about 5 KM from the centre of 
the refinery. There are meteorological conditions (a period of inversion fol lowed by 
l ight winds) in which the pol lution may affect more distant places, but in general, the 
highest concentration of pol lution wil l  be measured within a radius of 5 KM. 
Although the above guidelines give an indication of the geographic l imits within which 
measurements should be made, it cannot be over stressed that any measurement only 
typical of its specific location. Whenever possible, a preliminary investigation of the 
area should be made in order to select a location which is least affected by, for example, 
other emission sources and bui ldings. 
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It has been suggested, that a refinery can act as a smal l heat Island so that, although the 
main wind is carrying pollutants away from the source and under-current of returned 
air can cause the pollution profile to be far removed from the predicted pattern. If  
equipment is avai lable, i t  is preferable to double - up instruments, i .e .  place to within 
the about 0 .5  KM each other, thus giving some check of the representative nature of the 
chosen site. 
To prevent contamination of samples by dust and to avoid col lecting samples that have 
lost S02 by absorption at ground level the sampling inlet of the equipment should be 
about 2 - 1 0  m from the ground. 
Wherever possible, the monitor should be placed wel l  away from any buildings, trees or 
emission sources that might interfere with analytical method being used. 
B - The Duration and Frequency of Measurement 
An air pol lution monitoring survey should continue for more than one year. Only over 
such a period can the various combinations of meteorological conditions be adequately 
covered. 
Wherever possible, a continuous watch should be kept on the levels of pollution, and 
this means running the equipment 24 hours a day. To do this required continuous 
recording equipment or the consecutive col lecting of discrete samples. The time during 
which a discrete sample is collected, and continuous records integrated, is known as the 
sampling time. 
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The minimum possible ampling time obtainable with continuous monitors depends 
upon the instrument response period. In general, sampling time as low as a few minutes 
can be obtained. With discrete samples, the minimum possible sampling time depends 
upon several parametres, the lowest level detection required, the volume of air sampled, 
the olume of the col lecting reagent and the analytical method employed. 
It is important to defme the sampling time when quoting pollution concentrations. The 
measured maximum concentration in any given situation decreases with increasing 
sampling time as a short term high values are smooth out . In come countries, 
Government regulations defme the required sampling time which can be 30 minutes to 
24 hours. 
If there are no local regulations and it is possible to choose any convenient sampling 
time, the choice wil l  be influenced by the required objective, the type of measuring 
instrument, the amount of data required and the importance attached to correlating the 
measurement with meteorological observations. Preferably, meteorological observations 
should be made to cover the same periods as the sampl ing periods, ; and, in practice 
routine observations at meteorological stations are usual ly made every six hours. 
However, because wind shear and topography effect wind speed and direction, care 
should be taken in relating S02 measurements to meteorological data when the latter are 
obtained from meteorological stations which may be some distance away from the 
refmery. I f  the sampling time is 24 hours, the meteorological observations wil l  include 
diurnal variations of weather; any comparison of pol lution measurements with 
meteorological observations wil l ,  therefore, include gross approximations of the weather 
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conditions. I f  the sampling time is 30 minutes, it may be necessary to make special 
mea urement of meteorological parametres - for example, by using continuous recording 
in trumcnt - so that they can be averaged over the same 30 minutes period. 
c - Supporting Measu rements 
The choice of the supporting measurements outlined below wil l  depend on the purpose 
for which the pollutant is being monitored. In general, however, it is fair to say that wind 
direction should almost certainly always be monitored and it is recommended that all the 
measurements are made when the pollution data are used to compare practical results 
with theoretical or empirical models. 
I t  is suggested that when convenient rainfall data should be obtained to see whether rain 
has any effect on S02 ground level concentrations. Measurements should be made c lose 
to the source at an undisturbed and unobstructed location away from any large heat 
source. 
a - Wind Direction 
It is important to record the wind direction since this indicates the direction in which 
pollution from the refinery is moving. In analysing the pollution measurements from 
various sites this information can also be used to indicate other sources of pollution in 
the area. 
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b - Wind Sp ed 
It is useful to study how the pollution measurements vary with wind speed because it 
may be found that concentrations may rise to unacceptably high values at certain wind 
peeds, and it may be necessary to control the emissions on these occasions. 
c - Visibi l ity and Other Methods for Determining Vertical Stabi l ity (e.g. Vertical 
Temperature Profiles. if available) 
Under certain weather conditions, ground level inversions occur which may result in a 
decrease in visibility due to fog or smoke haze, and it may be necessary to control the 
emission of pollutants. Observations of these occasions should be noted. it is important, 
especial ly when developing and testing diffusion models, to determine the atmospheric 
stability. This can be done directly by measurement of the vertical temperature profile, 
but the required equipment is complex and costly. An alternative is to monitor the cloud 
cover. This combined with the measured wind speed, can be used to determine the 
prevai ling atmospheric stabil ity. 
d - The Emission of Pollutants 
Where possible, it is recommended that records should be kept of the emISSIOn of 
pollutants during each measuring period. I t  may only be practical to do this dai ly, but the 
data do not have to be precise: the purpose is to determine whether any large pollution 
concentrations are associated with gross changes in emission or with the weather 
conditions. 
e - ir Temperature 
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The emi sion of pollution from space heating sources wi ll vary directly with the 
temperature and this can sometimes be used to separate temperature dependent and 
independent contributions to the total levels of pollution. 
D - Assessment of Data 
Use of the data wil l ,  of course, depend on the objectives of the monitoring. Six 
objectives were outlined earlier and of these the first two, which are probably most 
common, wil l  be considered here. 
How to check adherence to air quality standards wi l l  depend upon the way in which 
regulations are set. Two methods are common; fustly, a maximum limit is set for a 
specified sampling period and, secondly, a limit is set in terms of frequency of 
occurrence. In the fust case, adherence is easi ly checked by surveying measured data. 
In the second case, it is necessary to group the data for the whole year into cumulative 
frequency curves which indicate the percentage of occasions on which any specified 
level of pollution is exceeded. They can also be used to derive the average dosage at 
each location, that is, the product of concentration of pol lutant and the time of its 
duration. This parameter may be of importance in determining damage caused by the 
pol lution. Frequency distributions are also very useful in determining pollution trends. 
Yearly distributions can be compared so that seasonal biases are removed. On the other 
hand, it is also useful to compare distributions for, say, winter and summer periods so 
that seasonal effects may be evaluated. 
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When pollution is not entirely due to a refinery, it is useful to examine the effect of wind 
direction on the measurements. To do this, the measurements at each location are 
grouped according to wind direction. However, because of the variation in wind 
direction at low speed, mea urements made at wind speeds � 2 m1s should be excluded. 
It is sufficient to group according to the 8 principal wind directions, but if there are 
enough data they could be grouped according to more wind directions. It i s  then 
common practice to deri e a cumulative frequency distribution for each group and to 
extract from this the concentrations corresponding to the 50 per cent and 95 per cent 
values. 
These concentrations are then plotted on a vector diagram simi lar to a wind rose; for 
example, 50  per cent value for the north wind group is drawn as a line whose length is 
proportional to the concentration and which points northwards from a given origin; the 
concentration for the north - easterly wind group is drawn as a l ine pointing to the north 
- east from the same origin, and so on. The final diagram indicates the average amount 
of pol lution arriving from various directions and the longest l ines point to the chief 
sources of pol lution. 
A similar vector diagram for the 95 per cent concentrations will indicate the directions 
from which occasional high concentrations of pol lution arrive; these may be due to 
individual chimney stacks whose plumes are occasional ly brought to the ground by wind 
turbulence. Again, the analyses can be repeated for summer and winter periods to 
observe seasonal trends. 
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further use of the data is to examine the justification of complaints which may be 
made against the refinery. If  these complaints referred to specific occasions , the records 
can be consulted to determine the wind direction and speed on those occasions and 
" hether the area in question was downwind of the refinery. The measurements made at 
ites nearest to the area wil l  also indicate the level of pol lution on these occasions. 
When measurements are made before and after a new refinery comes into operation, it is 
important to use the same instruments and measuring scheme in order to make valid 
comparison. The measurements should be made for at least 1 2  months before the 
refinery starts operating and should be compared with measurements for similar 1 2  
months periods i n  order to reduce seasonal influence. 
In comparing data from different periods, it must be appreciated that significant changes 
in the annual averages of pol lution can occur due to variations in the weather from year 
to year. An adverse change in the frequency distribution of the pol lution concentrations 
may be attributed to the new refinery when, in fact it is due to a variation in the year's  
weather. To j udge the effect of the refmery, it would be necessary to compare the 
pol lution vectors pointing to the refmery and to relate any differences from one year to 
another to the differences in the other vectors. 
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3.5.2 Sequential Site Mea urements 
Two schemes considered under this heading are, fustiy, that proposed by the German 
TAL and secondly a "Rotated Paired Sector' survey. Essential ly these differ in choice of 
location of ampl ing sites and the order in which these are visited for sampling purposes. 
However, they ha e several common features. For practical reasons both schemes 
would tend to be carried out in daytime so that some weather conditions might not be 
covered. 
This  is a limiting factor but its importance can only be ascertained by comparing day 
and night time meteorological data for each location. In neither scheme, is account taken 
of weather conditions when choosing sites to be visited, although, if meteorological data 
are recorded these may be used in the final interpretation of recorded emission date. I t  
i s  very desirable to run the schemes for more than one year so that as many data as 
possible are obtained covering the full range of weather and operating conditions. 
Sampling and analyses may be done concurrently or samples may be returned to the 
laboratory for analyses, although the formal is preferred to el iminate possible sample 
loses during transportation. The sampling time may be influenced by local or national 
legislation but wil l  also depend on the avai lable manpower and equipment. 
During the survey period, records of the emissions from the pollutant source should be 
kept even if they can only be reported in general terms, i .e  "low medium or high". 
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A - TAL Scheme 
The cherne is used for checking adherence of ground level concentrations to legal l imits 
of concentration and the general principle can be used for making measurements around 
a refinery. 
The area under test is divided into a grid of squares of 1 km side and the measuring 
points are established at the intersection of the grid l ines so that there is one measuring 
point per square kilometre. Where it is not possible to establ ish a measuring point 
e 'actly at a grid intersection, it should be placed as near as possible, but not more than 
200 m away. The grid is arranged so that the refinery is in the centre and a circle of 
about 3 km radius is drawn about the refinery so as to include 28 measuring points. 
These points are then divided into 4 groups of 7 points which are denoted by the letters 
a, b, c and d. Each group is then visited on one day every fortnight and measurements of 
air pol lution are made at the 7 points. The groups are visited in alphabetical order on 4 
randomly selected days every fortnight . thus in a year, 26 measurements are made at 
each point and in al l ,  728 measurements are made (LSS Report November 1 990). 
In the original recommendations for this scheme, the sampling time is defined as 30  
minutes, but shorter periods could be  used, say 15  minutes. I t  is doubtful if the group of 
7 3D-minute measurements could be made in less than half a day, even in open terrain. 
In built up areas, it might wel l  take a whole working day to travel between the 7 points. 
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Thus the scheme requires a large expenditure of manpower in comparison with the 
scheme of fixed instruments. For this reason, it may not be attractive for use by 
refinerie . However, in a reduced form, it can of course be used as a preliminary survey 
prior to de igning a monitoring program with fixed instruments. 
B - "Rotated Paired Sector" Scheme 
This alternative method also involves taking measurements according to a certain 
schedule. The method is randomised in the sense that no reference is made to 
meteorological conditions when making measurements. The area in which 
measurements are to be made is first decided by defining the maximum distance at 
which any influence of the pol lutant occurs. This is best accomplished by a preliminary 
survey. 
Then, on a map of the area three circ les, centred at the pollutant source, are drawn with 
radii equal to, and 1 /3 and 2/3 of, this distance. The area is then divided into sections, 
e .g .  60° and the measuring points are chosen as close as possible to the intersections of 
radii and at intermediate points on the outer circle. The division of the circles into 
sectors can start from any point on the circumference so that, by suitable adjustment, 
readi ly accessible monitoring sites are obtained. On a selected day, samples are taken at 
each of the sampling points in opposite sectors. 
In the next dai ly survey, samples are taken from the sectors adjacent to, and in a 
c lockwise direction from, the sectors previously surveyed. A minimum of two surveys 
each week should be carried out on days which are chosen randomly. 
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More sampling points are isited each day in this scheme than with the TAL system. For 
this reason, it would probabl by most convenient to use sampling times of say, 1 5  
minutes to allow ufficient time to cover the 1 4  sampling points. A variation of this 
cherne ha been used and reported by Fett and Lahmannn ( 1 97 1 ). Using 45° sectors 
and 4 circles, and excluding sites on the used parts of the outer circles 32 sampling sites 
were set up. However the procedure differs fundamentally from the Rotated Paired 
ectors in that only downwind sites are sampled. this al lows an assessment to be made 
of the higher levels of pollution only. 
c - Assessment of Measurements 
As with data from fixed sites, the method of assessment depends on the objectives. 
Using all measured values irrespective of sampling point and meteorological data, a long 
term average for the area surveyed can be obtained. I n  addition, the data can be grouped 
into cumulative frequency distributions for the area as a whole and if sufficient data 
have been collected, for each sampling point too. these can then be interpreted as 
explained under the fixed sites scheme. The 50 and 95 percentile values for each 
sampling point can also be used to construct pol lution contour maps. In this way, areas 
most affected by emissions over, say, one year can be related to areas of habitation, etc . 
The strength of this type of measurement l ies in the large number of results obtained 
over may sites enabling an average situation to be described. However, care should be 
taken in analysing data for the individual sites. If wind speed and direction data are 
avai lable, it is possible to construct pol lution roses for each site as described under the 
fixed sites scheme. These then may give some indication of the contributions from 
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different sources. However, for this type of analysis, relatively few data wi l l  have been 
recorded for each site for any particular wind direction. It is essential to verify, therefore, 
before any conclusions are reached that the data used are representative of the 
meteorological conditions associated with the specified wind direction. This can be done 
by comparing meteorological data recorded at the time of the measurements with data 
for the whole year. 
3.6 METEOROLOGY 
Temperature inversions are a regular feature of the c l imatology of Abu Dhabi .  
I nversions can effect the dispersion of pollutants by reducing the mixing height, and 
trapping the emissions close to the ground. I nversion mixing heights are subject to a 
seasonal variability. Normal ly they occur at approximately 600 metres but under 
extreme conditions the inversion layer can be as low as 200 metres. Such conditions are 
however, short l ived. Temperature inversions occur frequently in the morning during the 
summer months, and are of the order of 8- 1 O°C.  These tend to break up rapidly during 
mid-morning due to the intensive solar radiation. 
I nversions also occur during the winter months and are of two categories. Surface 
inversions occur due to night time cooling of the ground during anticyclonic weather 
conditions and subsidence inversions occur due to the addiction of cold air which 
originates from the northern Gulf area. In both cases the inversion layers are rapidly 
broken up during the morning. Meteorological conditions observed during the period of 
monitoring were, according to the Weather Station at Abu Dhabi Airport, representative 
of the season and were characterised by offshore breezes in the early morning, reversing 
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direction to an onshore breeze in the afternoon. This pattern was repeated daily with 
ery similar wind peeds (of 2 .5  - 3m/s at 7am and 6-7m/s at 1 pm) each day. Maximum 
daytime t mperatures were between 35 and 40°C.  
AIeteor% gical equipment. Sensors for measuring meteorological parameters (Met One, 
Cal ifornia Div, Oxygen, USA) such as wind speed wind direction, air temperature, 
relative humidity and barometric pressure were attached to the rail of the EKTO shelter. 
The leads of the sensors were connected to a Met One Translator Model 1 20, which was 
installed inside the shelter. The translator contains plug-in converter modules for 
receiving the individual sensor signals, and converts them to a standard voltage. 
3.7 DATA ON CARBON MONOXIDE EXPOSURE FROM MOTOR VEHICLES 
Carbon Monoxide exposure from motor vehicles were measured over a 2 months period 
from September to November 1 995 at the three heavily travel led arterials in Al Ain, 
United Arab Emirate. The data were based on 1 48 cars and collected from the fol lowing 
locations : -
1 - I slamic Institute University Car Parkings 
2 - Jimi Campus Car Parkings 
3 - University Student Residents 
A specifically designed questionnaire was used to el icit information on the model of the 
car, year of manufacture, type of fuel used, information on maintenance schedule and 
car usage each day in terms of mileage. Drager tubes, Dragerwerk Aktiengesel lschaft, 
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Gennany were used to estimate the amount of exhaust air from the car exhaust. The air 
was first allowed to pas through a special car exhaust probe (manufactured by Drager) 
attached to the car exhaust to cool the emitted gases and feed the same to the Polymeter. 
I have approached the people coming in to park their cars or leaving the car park and 
ha ing explained to them the purpose of the survey asked them to sign the consent fonn 
if  they wished to participate in the survey .  If  the car owners agreed to participate they 
were applied with the questionnaire to elicit the required infonnation and then they were 
asked to keep the engine idl ing whi le measurements were made using one tube for each 
of the gases measured. For carbon monoxide either 1 0  or 2 strokes of Polymeter were 
applied depending on the quantity of the emitted of the gas . To measure water vapour 1 0  
strokes were used whi le for propane and butane the number of the strokes were 
dependent on the colour change. The number of strokes were sufficient enough as soon 
as the colour of the indicating layer matched the colour of the indicating layer. The 
concentration of the emitted gases and water vapour were read from the markings on the 
tubes. The tube reading was corrected for atmospheric pressure by multiplying it with 
factor F (F = 1 0  1 3/actual local atmospheric pressure). The concentrations of carbon 
monoxide, propane and butane were expressed in parts per mil l ion (ppm) and to convert 
to mg/m3 the ppm reading was mUltipl ied by appropriate conversion factor. The 
conversion factors were 1 ppm of CO = l . 1 7  mg/m3 ; 1 ppm of propane = l . 8 mg/m3 of 
3 butane = 2 .35  mg/m . 
Statistical analysis were carried with statistical software. The descriptive results were 
mainly obtained with frequency tables. Analysis of variance were carried out to 
investigate the influence of cylinder, size of car, model of car, type of car, type of fuel 
63 
on the carbon monoxide concentration measured. This study is meant for giving 
guidance for air pollution monitoring in urban and industrial areas and interpreting 
pol lution measurements. it is based on information given in the literature. 
The design i very much dependent on the objectives, the existing pol lution levels, their 
ariabil ity ,  the size of the region and the type of pol lutant. These parameters are 
discussed as well  as their influence on the number of stations needed, the sampling time 
and the location of the sampling sites. F or deciding on a network required some prior 
knowledge on the level of pol lution and its variabil ity is needed. The number of stations 
needed is highest when the object is to determine means, especially dai ly means and 
when the region is heterogeneous e.g. industry surrounded by domestic housing. For 
determining cumulative frequency distributions or geographic distributions the 
requirements of stations are less severe. 
I f  random sampling is appl ied a great reduction in the frequency of sampling and 
number of samples per day is often admissible. Moreover, it can provide more 
information on the geographical variation. However, labour costs are usually higher with 
random sampling than with fixed sampling stations. 
The purpose of the underlying document is to outl ine the problems involved in making 
air quality surveys in urban and industrial areas and hopefully to assist in the planning of 
making such surveys and in the interpretation of pollution measurements. Because the 
design very much depends on several factors such as the objectives, size of the region, 
type of pol lutants, only general guidance based on published examples can be given. For 
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detai led planning of a measuring network experts with knowledge of statistics, 
meteorology and the regional situation should be consulted. 
Before analysing the aIr, it must be sampled, and to obtain samples which are 
representative of the prevai l ing conditions, for instance the general level of pol lution or 
the degree of pollution in most exposed areas, is mostly very difficult, often far more 
difficult tharI the arIalysis itself. The main problems of sampling are the number of 
sampling stations needed, the location of the stations, the sampl ing time arId the 
frequency of sampling. These items depend on the objectives, the existing pollution 
levels, their variabil ity, the size of the region and the type of pol lutarIt. 
Fixed sampling networks have the advarItage that measurements are made concurrently 
at al l sites, but mobile sampling has the advarItage that far more sites CarI be covered 
than in a fixed sampling programme arId that therefore it is particularly suitable for 
determirIing geographical variations. The objective of sampling and analysis wi l l  be to 
adequately characterize air pol lution for the area of interest with a minimum expenditure 
of time arId money arId this characterisation must be based on the intended use of the 
data. For these purposes, knowledge of mearI pollution levels at given time periods 
(hour, day, month, season year) frequency of surpassing certain levels, peak values, 
dosage (concentration x time) will often be needed. 
In order to obtain maxImum information on practical significarIce, the amount of 
information and therefore for instarIce the number of stations required, may often be 
relatively low for the first three objectives and nearly always high for the last three ones. 
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In discussing the numbers of stations required and the sampling time needed, therefore 
reference wi ll be made to these objectives. For some objective, especial ly the last one 
also data on emissions and meteorological information are needed. 
The number of stations needed for assessing the air quality in a given area depends on 
rna factors, such as types of data needed, population and size of the area, spatial 
di tribution of industry, topographical and meteorological factors. In general the aim 
should be to place the majority of stations in the more heavily polluted areas and also in 
areas of highest population densities, but no large area should be left without some form 
of measuring device. More specific guidance on the number of stations required is given 
below. 
a - For Determining Means 
In  general the shorter the sampling time is, the higher the number of stations required 
will be. But often short time means will only be needed for stations required. If it is only 
desired to know whether air quality standards are adhered to and the area of maximum 
pol lution is known, even one station may be sufficient. 
b - Nashvil le Study 
The fol lowing statistical relationship for determining the minimum number of sampling 
stations has been used in the air pol lution study in Nashvi lle, Tennessee, conducted by 




c. Duisburg Study 
Minimum number of stations required 
tudent' s  t' for specified confidence 
Person' s  coefficient of variation (relative percent 
deviation of individual data from the mean) = 
tandard deviation x 1 00 for normal distributions 
mean 
allowable percent departure from the true mean 
Because the pol lution data as usually had a long-
66 
normal distribution, the calculations were carried out with 
the logarithms of the data. The final result was converted 
into a C.Y.  by taking antilogarithms which then expresses 
the variability of the geometric means. 
Very little publ ished information on the variability of network-data is avai lable for 
other areas in the world. In  Germany a lot of information should be avai lable however, 
but this information mostly is present as 1 0  minutes or half hour averages measured with 
mobile equipment and only publ ished in a few cases. 
The measurements were made in 1 5  periods, each of 3 successive days. 1 0  stations were 
used for continuous measurements, the other discontinuous measurements were made 
with mobile equipment, measuring during 1 0  minutes. In the area of 1 44 km
2
, 1 87 
measuring sites were used for the latter measurements. Per site one 1 0  min. 
measurement was made. ( 1 0  measuring cars were used). No clear seasonal influence 
could be detected. 
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It a found that a frequency of 45 measurements of 1 0  min. at each station during one 
year gave a sati factory distribution curve compared with continuous measurements. 
This made it possible to in estigate the number of stations required. 
Student s "1" for specified confidence 
= number of measuring sites 
s standard deviation for 1 0  min.-measurement 
x mean value of random samples. 
d. Sampling Time 
The time during which a discrete sample is collected, or continuous records integrated, 
is known as the sampling time. It is important to define the sampling time when quoting 
pol lution concentrations. The measured maximum concentration in any given situation 
decreases with increasing sampling time as the short values are smoothed out. I n  some 
countries, government regulations define the required sampling time which can be 30  
minutes to  24 hours. 
I f  there are no regulations and it is possible to choose any convenient sampling time, the 
choice wil l  be influenced by the required objective, the type of pollutant, the type of 
measuring instrument, the amount of data required and the importance attached to 
correlating the measurement with meteorological observations. Preferably 
meteorological observations should be made to cover the same periods as the sampl ing 
periods. 
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Dai ly means wi ll nearly always be needed for the last three objectives mentioned in 
the Introduction and even 1 hour means may be required, in particular when the 
pol lution Ie el is high. For objective 2 and 3 ,  monthly or seasonal means may often be 
ufficient. For objective 1 dai ly means (or even hourly means) wil l  be needed, but often 
onl y  for station giving the highest pol lution levels. The sampling time required wil l  
further depend on the pollutant to be measured. Roach ( 1 969) argues that the sample 
duration should be related to the biological half-time of the pollutant in the body (the 
time at which the burden to the body has been halved). For instance for lead or mineral 
dusts with a biological half-time of 6 months or more, it is meaningless to take short 
sampling times when the purpose of the survey to be made is to determine health effects. 
e. Estimates On The Variabi l ity Of Data 
It has already been mentioned in reviewing the Nashville study that for determining the 
number of stations and the frequency of sampling prior knowledge of the variabil ity of 
data in a region has to be avai lable. This variability depends mainly on meteorological 
factors (mainly wind speed and stabi lity) hence of the period of measurement (e.g. day 
or night, season), topographical factors (hil ls etc . ) ,  size of the region, emission pattern in 
the region and the type of pol lutant. Also from the study of Hunt ( 1 972). It may also be 
possible that some data are already avai lable from local sampling stations in the country 
or region where the network has to be instal led. 
The solution of eventual parameter values for atmospheric stabi lity was based on 
extensive experimental work. I t  was found that in the calculations data for the fol lowing 
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factors should be incorporated : atmospheric stabi lity (diffusion and wind direction 
fluctuation, wind speed, lateral dimension of the area and mean emission height. The 
theory wa applied to the ashvi lle and Duisburg data and to data around an electrical 
pOv er station, all with entirely different cl imatological and topographical conditions. 
The theoretical prediction of sampl ing precision and number of sampling stations were 
in very good agreement with the experimental results. 
f. Location Of Sampling Site 
The preceding has given information on the general distribution of sampling stations 
within a region. The selection of a particular site for a single sampler is equally 
importance. I t  i s  essential that the sampler be situated to yield data representative of the 
location without undue influence from the immediate surroundings (Environmental 
Protection Agency - 1 97 1 ). General guidelines are given that should be considered in 
site selection. They are summarized as fol lows:-
1 Uniformity in height above ground level is desirable for an entire network. 
2 Constraints to airflow from any direction should be avoided by plac ing inlet 
probes at least 3 metres from buildings or other obstructions. 
3 The surrounding area should be free from stacks, chimneys or other local 
emission sources. In  the case of measuring overal l concentrations of nitrogen 
oxides, hydrocarbons, carbon monoxide and lead due account should be taken 
for the faot that mean concentrations in streets or in the neighbourhood of 
streets may be much higher than away from streets. 
4 An elevation of 3 to 6 metres is  suggested as the most suitable, especial ly in 
residential areas. 
3.8 STA TISTICAL EVALUATION OF SAMPLING DATA 
StatIstical techniques used in the Nashvi l le experiment 
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It ha been found in the Nashvi l le and other measurements of air pol lutants that the 
measurements tend to be approximately log-normal, that is that the frequency - log 
concentration curves have a "normal ' distribution (Gauss distribution). Therefore in 
the e studies always the geometric mean ex geo) and tile geometric standard deviations 
(s geo) are used . 
I n  the ashvil le  experiments the statistical techniques further used were : -
Student' s  "1' test for determination of significance between means of samples. 
Fisher s "F" test for significance of difference invariances of samples. 
Coefficient of variation to indicate relative percent deviation of a set of 
individual measurements from the mean. 
In B iometrika tables for statisticians and most statistical text books tables for "t" and 
'F" are given for different confidence limits. The ' t' table contains one parameter : The 
total number of degrees of freedom of the samples; the 'F '  table has two parameters : 
The number of degrees of freedom of two samples. 
a. Coefficient of variations 




1 00 x S 
x 
standard deviation ofN samples 
X mean ofN samples 
The definition of Student' s  "t" is 
in which t = Student' s  "t ' at N - 1 degrees of freedom 
11 = true mean 
Elimination of s from ( 1 )  and (2) gives 
C.Y.  = 1 00 x - u .I N  
t 
I f  we set 1 00 x - u = p = the allowable percentage 
x 
deviation of the sample mean from the true mean, then (3) becomes 
c.v.  = p .I N  
t 
Of N = (C.V.)2 e 2 
p 
7 1  
( 1 )  
(2) 
b. Preci ion of sampling 
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Hunt ( 1 972) has gi en clear guidance for predicting the precision of different sampling 
plans as a function of the frequency of sampling and the level of confidence, if an 
e timate of the standard deviation of the logarithms of air pollution measurements is 
avai lable. He also assumes a log - normal distribution of the data. ::� 
The fol lowing definitions are valid (Hunt takes aU logarithms to the base e; because his 
exan1ples are based on it, we have fol lowed this): 
in which 
in which 
X10g = arithmetic mean of the logarithms 
Xi = air pol lution measurements 
n = number of samples for sampl ing period 
S210g = L (log Xi - xtogl 
n- 1 
slog standard deviation of the logarithms 
( 1 )  
(2) 
::� ote: Because assuming a log-normal distribution is also and approximation and such as 
distribution has certain limitations, it might be useful to look at alternative 
statistics, such as an exponential or a Weibul l ( 1 95 1 )  distribution which has shown 
to give sole improvement in other fields. 
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Further 
Xgeo exp Xlog (3)  
Sgeo = exp Slog (4) 
in which Xgeo = geometric mean 
sgeo = geometric standard deviation 
Hunt has developed the following two fonnulae: 
in which 
ill I = 1 - exp [ - t l - al2 s)Qg ( l  - n ) 1/, ] (5)  
n l11 N 
m2 = exp [ +  t l - al2 s)Qg ( l  - n ) 1/, ] - 1 (6) 
n Il, N 
m I = the distance between the sanlple geometric mean 
and the lower confidence limit (expressed as a fraction 
of the sample geometric mean) within which the true 
geometric mean could be expected to l ie for a given 
level of confidence. 
ill2 = the distance between the sample geometric mean 
and the upper confidence limit (for the same level of 
confidence). 
N = total number of possible samples. 
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In m t  and rn2 are multiplied by 1 00%, they express their respective distances as 
percentages of the ample geometric mean. Together mt and m2 represent the precision 
of the sampling plan. m2 is always greater than mt because the distribution of the 
pollutant measurements is log-normal . For log-normal distributions this system in our 
opinion is to be preferred above the use of a single coefficient of variance. 
The level of confidence ( 1  - a) refers to the degree of certainly that is associated with 
precision. I n  formulae (5) and (6) if a = 0.05,  then the level of confidence is I -a, or 
0 .95 ;  that is it may be expected that 95% of the confidence intervals by ml and m2 will 
contain the true geometric mean. 
The t J -al2 is the "t" value (Student' s  "t") associated with n- I degrees of freedom. 
It  i s  the total number of possible samples in the sampling period (that is N = 30 for 1 
month if 24 hours samples are taken N = 60 for 2 months, etc .) .  This study is meant for 
giving guidance for air pollution monitoring in urban and industrial areas and 
interpreting pol lution measurements. It is based on information given in the l iterature. 
The design is very much dependent on the objectives, the existing pollution levels, their 
variabil ity, the size of the region and the type of pol lutant. These parameters are 
discussed as well as their influence on the number of stations needed, the sampling time 
and the location of the sampling sites. For deciding on a network required some prior 
knowledge on the level of pol lution and its variabi l ity is needed. 
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The number of stations needed is highest when the object is to determine means, 
especiall dai l means and when the region is heterogeneous e.g. industry surrounded by 
domestic housing. For determining cumulative frequency distributions or geographic 
di tribution the requirements of stations are less severe. If random sampling is applied a 
great reduction in the frequency of sampling and number of samples per day is often 
admissible. Moreover, it can provide more information on the geographical variation. 
However, labour costs are usually higher with random sampl ing than with fixed 
sampling stations. 
3.9 DATA PROCESSING, STATISTICAL M ETHODS AND ANALYSES 
a - All  data variables were coded, processed and analysed on the IBM computer of the 
Department of Community Medicine, Faculty of Medicine and Health Sciences at the 
United Arab Emirates University . Data Entry was performed using 00S-5 Editor. The 
tatistical Software Package SPSS [ Statistical Package for Social Sciences, Norusis 
1 992 ] analysis was used for performing all statistical analysis. Also, Harvard Graphic 
Package was uti l ized for graphing such as bar chart, histogram, l ine chart and pie chart. 
b - Statistical Methods 
The questionnaire variables were coded and the data were entered and processed at the 
Department of Community Medicine. The Statistical Package for Social Sciences (SPSS 
1 992) was used for statistical analysis. The normality of the distributions was tested by 
the Kolmogrov - Smimov test. The significance of difference between two or more 
categorical variables was performed by using Chi-square test. 2 x 2 tables, the Fisher's 
Exact test (two tai led) was used instead of the Chi-square test, if the assumptions 
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underlying chi-square were violated, namely in case of small sample size and cell 
e pected frequency was less than 5. The significance of the difference between two 
continuou ariables was tested by the t-test. 
The Mann-Whitney test was used to ascertain the significance differences between mean 
values of two continues variables for non-parametric distribution. The Pearson 
correlation coefficients for monthly S02 Pollution concentrations, low temperatures, 
relative humidity and wind speed were calculated. Regression analyses were performed 
among obtained pol lutant values and meteorological parameters. Analysis of variance 
were carried out to investigate their influence of cylinder, size of car, model of car, type 
of car, type of fuel on the carbon monoxide concentrations of the compounds measured. 
Kruskal-Wall is  one-way analysis of variance was employed for comparison of several 
group means and to determine the presence of significant differences between sample 
means. Differences were considered significant when the "p" value was less than 0 .05 .  
4. 1 
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CHAPTER - FOUR 
The proposed air quality standards for sulphur dioxide require that the 98 percentile of 
hourly means throughout the year should not exceed 250 "g/m3 respectively. Air qual ity 
guidel ines have also been proposed, for which the annual means should not exceed 40 
"g/m3 for sulphur dioxide. Historical data to describe air quality in Abu Dhabi c ity are 
available for the period of 1 992 - 1 995 in onshore Habshan and 1 990 - 1 995 in offshore 
Das I sland over a period of 4 years in Habshan and over a period of 5 years in Das 
I sland. 
For ground level sources studies have demonstrated that the 98 percentile is about 2 . 5  to 
3 times the annual means. On this basis, 98 percenti les associated with mobile sources in 
Abu Dhabi Emirate are estimated to be about 1 . 7 to 2.3 "g/m3 for sulphur dioxide. It 
must be borne in mind that these figures relate to concentrations for urban background 
locations in Abu Dhabi Emirate. 
The contribution of emISSIOns from significant industrial sources has also been 
considered, and predictions of both annual average and short term peaks have been 
carried out. The highest annual average concentrations in Abu Dhabi Emirate are about 
5 .0  "g/m3 for sulphur dioxide. The contribution that these industrial sources make to the 
98 percentile levels requires a more sophisticated analysis. 
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The 98 percentile might therefore be expected to be a higher ratio to the mean and a 
factor of 20 times has been assumed. On this basis 98 percenti les associated with point 
source emissions are about 1 0  "g/m3 for sulphur dioxide. 
Consideration of the incidence of short-term peaks is also important in the assessment of 
98 percentile concentrations. No peak I -hour concentrations above 250 "g/m3 sulphur 
dioxide are predicted for emissions from the Abu Dhabi power station, industrial 
complex or Das Is land. It is therefore considered unlikely that 98 percenti le levels in 
Abu Dhabi Emirate wil l  be exceeded. 
4.2 ONSHO RE RESULTS : SULPHUR DIOXIDE EMISSION IN HABSHAN 
Predictions of annual average concentrations of sulphur dioxide indicate a maximum 
level of approximately 5 "g/m3 are predicted to occur at a distance of about 6 km to the 
South-West. Assuming a 20 times factor for the calculation of the 98 percenti le values, 
then levels at a distance of 6 km to the south-west of the industrial complex are 
estimated to be about 1 00 "g/m
3 
for sulphur dioxide. Estimated 98 percenti les at the 
location of highest predicted concentrations are about 800 "g/m3 for sulphur dioxide. 
Short term peak concentrations of sulphur dioxide in excess of 1 500 "g/m3 is predicted 
to occur within close proximity to the industrial complex. At greater distances of about 
6 km, peak concentrations of about 900 "g/m3, sulphur dioxide is predicted to occur. It is 
however considered that 98 percenti le concentration of sulphur dioxide wil l  be exceeded 
at sites within c lose proximity (several kilometres) from the industrial complex, 
particularly at locations in the prevai ling wind direction. I t  is considered unlikely that 98 
percentile levels will exceeded at distances of greater than 6 kilometres. Independent 
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measurements of sulphur dioxide have been carried out at the Habshan Housing 
Complex. Thamma 'C '  Data have been made available for the HC site for the period of 
1 t Januar 1 992 to 1 st August 1 995.  Results reported of daily mean concentrations at 
the Habshan Housing Complex are about 58 Ilg/m3 whilst daily mean concentrations at 
the Thamma 'C '  plant are about 62 Ilg/m3, ranging from 26 to 90 Ilg/m3 . 
Measured concentrations at Habshan Housing Complex are considerably higher than 
those predicted by the models. Analysis of the prevail ing winds for the area indicate that 
emissions from the industrial complex wil l  be generally taken away from the Housing 
Complex, and the possibil ity of localised sources of sulphur dioxide at the Housing 
Complex needs to be investigated. Continuous measurements of sulphur dioxide were 
conducted with UV Pluoresenie analyser equipped with an internal primary calibration 
standard (permeation tube) producing a concentration of 349 Ilg/m3, and verified 
gravimetrical ly  at the ADNOC Laboratory with an accuracy of =+= 1 % . Sulphur Dioxide 
was measured continuously at the Habshan Residential Area ( inner urban site) from 
January 1 992 to August 1 995 .  The results are presented as follows: -
Figure 4 . 1 shows Sulphur Dioxide emissions in  the atmosphere at Habshan Abu Dhabi 
Emirate during for a period of between 1 st January to 3 1 st December 1 992. The monthly 
mean concentrations of Sulphur Dioxide in Habshan generally varied from about 40 
Ilg/cum to 1 00 Ilg/m3, although on one month March there was a peak in concentration of 
1 00 Ilg/cum. I t  is l ikely that this peak was attributed to emissions from power plants or 
other industrial processes. It seems that the background Sulphur Dioxide concentrations 
were attributed to both industrial and vehicular emissions. The graphic trends shows that 
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the monthly a erage concentration for Habshan was below the guidelines given by the 
World Health rganization ( WHO Guideline 1 979, S02 = 1 25 1'g/cum). 
The freq uency of occurrence and magnitude of sulphur dioxide peaks in Habshan 
Residential Camp wi ll depend on factors such as wind speed, and direction, dry bulb 
t mperature, wet bulb temperature, relative humidity and only a long term monitoring 
exercise and determine whether these peaks are a cause for concern in Habshan. 
Figure 4.2 shows sulphur dioxide emissions in atmosphere at Habshan, Abu Dhabi 
Emirate during a period between 1 st January to 3 1  December 1 993.  The monthly mean 
concentrations of sulphur dioxide in Habshan general ly varied from about 1 7  I'g/m
3 
to 
30 I'g/m3, although on one month October there was peak in concentration of 70 I'g/m3 . 
I t  i s  l ikely that this peak was attributed to emissions to power plants or other industrial 
processes. It seems that the background sulphur dioxide concentrations were attributable 
to both industrial oi l  refinery vehicular emissions. The graphic trends show that the 
monthly average concentration for sulphur dioxide for Habshan was below the guideline 
given by World Health Organization (WHO, S02 = 1 25I'g/m\ However, the frequency 
of occurrence and magnitude of sulphur dioxide peaks in Habshan wil l  be depend on 
factors such as wind speed and direction dry bulb temperature, wet bulb temperature 
and relative humidity . Overall the results from this area did not exceed the air qual ity 
criteria for sulphur dioxide. 
Figure 4 .3  shows sulphur dioxide emissions in atmosphere at Habshan, Abu Dhabi 
Emirate, during a period 1 st January to 3 1 st December 1 994. The monthly mean 
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concentrations of sUlphur dioxide in Habshan generally varied from about 1 3  "g/m) to 
70 "g/m) , although on two months Apri l and May there were a peak in concentration of 
) 70 "g/m . 
It is l ikel that this peak was attributable to emissions from power plants or other 
industrial processes. It seems that the background sulphur dioxide concentration were 
attributable to both industrial oil refinery or petroleum and vehicular emissions. The 
graphic trends show that the monthly average concentration for sUlphur dioxide for 
Habshan was below the guidelines given by World Health Organization (WHO, S02 = 
1 25 "g/m).) .  However, the frequency of occurrence and magnitude of sulphur dioxide 
peaks in Habshan wil l  depend in factors such as wind speed and direction, dry bulb 
temperature, wet bulb temperature and relative humidity . Overall, the results from this 
area did not exceed the air qual ity criteria for sulphur dioxide. 
Figure 4.4 shows sulphur dioxide emissions in atmosphere at Habshan, Abu Dhabi 
Emirate, during a period between 1 st January to 3 1 st August 1 995 .  The monthly mean 
concentrations of sulphur dioxide in Habshan general ly varied from about 1 3  "g/m) to 
60 "g/m) , although on one month May, there was a peak in concentration of 60 "g/m3 . I t  
i s  l ikely that this peak was attributable to  emissions from power plants or  other 
industrial processes. It seems that the background sulphur dioxide concentrations were 
attributable to both industrial oil refinery or petroleum and vehicular emissions. The 
graphic trends show that the monthly average concentration for sulphur dioxide for 
Habshan was below the guidelines given by World Health Organization (WHO 
Guidel ine 1 979, S02 = 1 25 "g/m3 .) .  
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However, the frequenc of occurrence and magnitude of sulphur dioxide peaks in 
Habshan will depend in factors such as wind speed and direction, dry bulb temperature, 
wet bulb temperature and relative humidity . Overall, the results from this area did not 
e ceed the air qual ity criteria for sulphur dioxide. 
Figure 4 .5  shows sulphur dioxide emissions in atmosphere at Habshan, Abu Dhabi 
Emirate, during a period between 1 992 and 1 995 years. This yearly mean concentrations 
of sulphur dioxide in Habshan generally varied from about 1 3  Ilg/m3 to 60 Ilg/m3, 
although on two years 1 994 and 1 995 there were a peak in concentration of 60 Ilg/m3 . I t  
is l ikely that this peaks were attributable to emissions from power plants or other 
industrial processes. It might that the background sulphur dioxide concentrations were 
attributable to both industrial oil refinery and vehicular emissions. The graphic trends 
show that the monthly average concentration for sulphur dioxide for Habshan was below 
the guidelines given by World Health Organization (WHO Guideline 1 979, S02 = 1 25 
Ilg/m\ Overall ,  the frequency of occurrence and magnitude of sulphur dioxide peaks in 
Habshan wil l  depend on factors such as wind speed and directions, dry bulb 
temperature, wet bulb temperature and relative humidity . Furthermore, the results from 
this area did not exceed the air quality criteria for sulphur dioxide and overall were very 
good correlation between average concentration and wind speed, directions, dry bulb 
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4.3 OFFSHORE RESULTS : SU LPHUR DIOXIDE EM ISSION IN DAS ISLAN D 
88 
Predictions of short term concentrations of sulphur dioxide associated with emissions 
from flare stacks at Das I sland. During specific weather conditions the plumes are 
brought to ground close to the stacks and cause very elevated concentrations to occur. 
pecific meteorological data are avai lable to allow accurate interpretation of the 
frequency of occurrence of such peaks. Measurements of sUlphur dioxide concentrations 
at 4 sites on Das Island have been made available by the Abu Dhabi Marine Operating 
Company, for the period January 1 990 to December 1 994 . the wind direction at Das 
I land is predominantly north-westerly, and concentrations at the 2 sites to the south-east 
of the industrial complex (Telecomms Building and Storex C .R) show occasional 
elevated monthly mean values of up to 250 "g/m3, and confirm the model l ing 
predictions. Concentrations at the third site, the Sahl I  accommodation area, are much 
lower. It is considered l ikely that the 98 percenti le for sulphur dioxide is exceeded at 
several sites at Das I sland. 
Figure 4 .6  shows sulphur dioxide in SahlI  Village, Storex Telecomm. Bui lding, and 
Zakum area of Das I sland during a period between 1 st January and 3 1  st December 1 990. 
The monthly mean concentrations of sulphur dioxide in above mentioned areas 
generally varied from 1 0  Jlg/m
3 
to 250 Jlg/m3 . Although a peak was observed in Storex 
and Telecomm, Building. The least average concentration was observed in SahlI Vil lage. 
The graphic trends show that the monthly average for Sahil and Telecomm. Bui lding 
was below the guidel ines given by World Health Organization. However, the frequency 
of occurrence and magnitude of sulphur dioxide peaks in Das Island wil l  depend on 
direction winds, speed of winds, dry bulb temperature, wet bulb temperature and relative 
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humidity . Overal l, the results from this area did not exceed the air quality criteria for 
ulphur dioxide except for Storex. 
Figure 4 .7  gi e sulphur dioxide emissions in Sahil , Storex Telecomm. Bui lding, and 
Zakum areas of Das I sland a period between 1 st January and 3 1 st December 1 99 1 . 
The monthly mean concentrations of sulphur dioxide in above mentioned areas 
general ly varied from 1 0  flg/m) to 1 94 flg/m) . Although, a high peak was observed for 
Zakum in May, for Storex in May - June and November for Telecomrn . .  In  May for 
ahi l  Vil lage was the lowest and more stable concentration. It seems in Sahil Vil lage, 
Telecomrn. Building, Storex C.P .  and Zakum had sulphur dioxide from both industrial 
or oil refinery and vehicular emissions. The graphic trends show that the monthly 
average concentration for sulphur dioxide for Sahil and Telecomm. Building was below 
the guidelines given by World Health Organization. However the frequency of 
occurrence and magnitude of sulphur dioxide peaks in Das Is land will depend on factors 
such as wind speed, wind directions, dry bulb temperature, wet bulb temperature and 
relative humidity . Furthermore, the results from this area did not exceed the air quality 
criteria for sulphur dioxide except for Storex in May - June and for Zakum May and 
November. 
F igure 4 .8  shows Sulphur Dioxide Emissions in Sahil , Storex, Telecomm. Bui lding, and 
Zakum areas of Das Island for a period between I st January and December 1 992. 
The monthly mean concentrations sulphur dioxide in above mentioned areas general ly 
varied from 6 flg/m) to 70 flg/m
3
. Although, a high peak was observed for Zakun1 
(January, February, March and November) and Storex (between February, April and 
90 
o ember) but for ahil and Telecomrn. bui lding was observed lowest. It seems in 
torex, Zak.um, Telecomrn . Building and Sahil Vil lage had sulphur dioxide from both 
industrial or oil refinery and vehicular emissions. The graphic trends show that the 
monthl average concentrations for sulphur dioxide for Telecomrn. Bui lding was below 
the guidel ines given by World Health Organization. 
Howe er, the frequency of occurrence and magnitude of sulphur dioxide peaks in Das 
Is land wi l l  depend on factors such as wind directions, wind speed, dry bulb temperature, 
\: et bulb temperature and relative humidity .  Furthermore, the results from this area did 
not exceed the air qual ity criteria for sulphur dioxide except for Storex and Zak.um, 
although there were no abnormal high periods during the year and levels, the Das I sland 
were back to normal by having reduced its flaring activity. 
Figure 4.9 shows Sulphur Dioxide Emissions in Sahil, Storex, Telecomrn. Building, and 
Zak.um areas of Abu Dhabi Emirate for a period between 1 st January and December 
1 993 .  The monthly  mean concentrations sulphur dioxide in above mentioned areas 
general ly varied from 2 ,",g/m3 to 79 ,",g/m3 . Although, a high peak was observed for 
Zak.um (February, March, July and September), Storex (February, May and November), 
and for Sahil  Vi l lage (July and December) but for Telecomrn. building was observed 
lowest. It seems in Storex, Zakum, Telecomrn. Building and Sahil Vi l lage had sulphur 
dioxide from both industrial or oil refinery and vehicular emissions. The graphic trends 
show that the monthly average concentrations for sulphur dioxide Zakum, Storex and 
Sahil Vi l lage were below the guidelines given by World Health Organization. However, 
the frequency of occurrence and magnitude of sulphur dioxide peaks in Das Island will 
9 1  
depend on factors such as wind directions, wind speed, dry bulb temperature, wet bulb 
temperature and relative humidity . Furthermore, the results from this area did not exceed 
the air qual ity criteria for sUlphur dioxide except for Storex and Zakum, although there 
v ere some abnormal high periods during the year and levels the Das Island were back 
to normal by having reduced its flaring activity . 
Figure 4. 1 0  shows Sulphur Dioxide Emissions in Sahil , Storex, Telecomm. Building 
and Zakum areas of Abu Dhabi Emirate for a period between 1 st January and 
December 1 994 . The monthly mean concentrations sulphur dioxide in above mentioned 
Das I sland areas generally varied from 1 3  Vg/m3 to 56 vg/m3 . Although, a high peak was 
observed for Zakum (July and August), Storex (June and September). I t  seems in 
torex, Zakum Telecomm. Building and Sahil Vil lage had high concentrations of 
sulphur dioxide from both industrial or oil refinery and vehicular emissions. The graphic 
trends show that the monthly average concentrations for sulphur dioxide Zakum, Storex 
and Sahil Vi l lage were below the guidelines given by World Health Organization. 
However the frequency of occurrence and magnitude of sulphur dioxide peaks in Das 
I sland wil l  depend on factors such as wind directions, wind speed, dry bulb temperature, 
wet bulb temperature and relative humidity . Furthermore, the results from this area did 
not exceed the air quality criteria for sulphur dioxide except for Storex and Zakurn, 
although there were some abnormal high periods during the year and levels, the Das 
Is land was back to normal by having reduced its flaring activity. Overall Figure 4 .6 to 
4 . 1 0  indicating a very good correlation between average concentration and S02 and 








Fig. 4 .6  Sulphur Dioxide Emissions in Sahil,  Storex, 
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Fig. 4 .7  Sulphur Dioxide Emissions in Sahil, Storex, 
Telecom and Zakum, Abu Dhabi Emirate during 1 99 1  
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Fig. 4 . 8  Sulphur Dioxide Emissions in Sahil, Storex, 
Telecom and Zakum, Abu Dhabi  Emirate during 1 992 
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Fig.  4 . 9  Sulphur Dioxide Emissions in Sahil, Storex, 
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Fig. 4 . 1 0  S ulphur Dioxide Emissions in S ahil, Storex, 
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4.4 RESULT ON CARBON MONOXI DE EXPOSURE FROM MOTOR VEI DCLES 
Table 4 . 1 summarises the characteristics of cars surveyed. As can be seen from this table 
69.5% of the cars were Japane e 74.3% of the cars were model of between 1 99 1  and 
1 995 .  8 1  % of the car was small car 85 .8% was used special fuel and 5 1 .4% had regular 
maintenance for their cars. Furthermore, 52% of the car had 4 cylinder engine capacity, 
26.4% 8 cylinder 1 3  .5% 6 cylinder and 8 . 1 % had 1 2  cylinder size engine. 
Tables 4 .2 to 4 .5  summarIse air pol lution emlSSlOn from motor vehicle exhaust 
according to the type of gas, with mean geometric mean, standard deviation, minimum, 
maximum values and percenti les values range from 25 pencentile to 98 percentile. 
Additional ly  air pol lution emission from motor vehicle exhaust presented by 
pencenti les according to the model of the car by year, size of car, type of fuel used, 
service for the car and number of cyl inder of car. 
Table 4 .6 to 4.24 summarIze Analysis of Variance (ANOVA) results for carbon 
monoxide exposure from motor vehicles as fol lows:-
Table 4 .6 and 4 .7  give ANOVA results for Butane concentration with four types of car 
cylinder (4,6 8 and 1 2  cylinder engine capacity) .  As can be seen from these Tables type 
of cylinder had no any statistically significant effect on Butane concentration in ppm and 
mg/m3 (P > .000 1 ) . 
Table 4 .8 and 4 .9 show ANOV A results for Carbon Monoxide concentration with four 
types of car cylinder (4,6,8 and 1 2  cylinder engine capacity). As can be seen from these 
98 
Table type of cylinder had a statistical ly significant effect on Carbon Monoxide 
Concentration in ppm (p<O.OOO l )  and mg/m3 (p<O.000 1 ). 
Table 4 . 1 0  and 4. 1 1 gives A OVA results for Propane concentration with four types of 
car cylinder (4,6,8 and 1 2  cylinder engine capacity). As soon as seen from these Tables 
type of cylinder had no any statistically significant effect on Propane concentration in 
ppm (p>O.05) and mg/m3 (p>O.05).  
Table 4 . 1 2  presents ANOV A results for Water concentration with four types of car 
cylinder (4,6,8 and 1 2  cylinder engine capacity). As can be seen from this Table type of 
cylinder had a statistical ly significant effect on Water concentration (p<O.008). 
Table 4 . 1 3  gives ANOV A results for Butane concentration with two types of fuel used 
(special or regular types). As can be seen from this table type of fuel had no statistically 
significant effect on Butane concentration (P>O.05). 
Table 4 . 1 4  i l lustrates ANOVA results for Carbon Monoxide concentration with two 
types of fuel used (special or regular types). As can be seen from this Table type of fuel 
had a statist ical ly  significant effect on carbon monoxide concentration (P<O.03) .  
Table 4 . 1 5  shows ANOVA results for Propane concentration with two types of fuel used 
(special or regular types). As can be seen from this Table type of fuel had no significant 
effect on propane concentration (p>O.05).  
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Table 4. 1 6  shows ANOV results for Water concentration with two types of fuel used 
( pecial or regular types). As can be seen from this Table type of fuel had no statistical ly 
significant effect on water concentration (p>0.05). 
Table 4 . 1 7  shows ANOV A results for Water concentration with size of car used (Small ,  
4 wheel Drive or Van/smal l truck). As can be seen from this Table size of car had a 
statistically significant effect on water concentration (p<0.0 1 ) . 
Table 4 . 1 8  gIves ANOV A results for Propane concentration with size of car used 
(SmalL 4 wheel Drive or Van/smal l truck). As can be seen from this Table size of car 
had no significant effect on propane concentration (p>0.05). 
Table 4 . 1 9  gives ANOV A results for Carbon Monoxide concentration with size of car 
used (Small ,  4 wheel drive or van/small truck). As can be seen from this Table size of 
car had a statistically significant effect on Carbon Monoxide concentration (p<0.000 1 ) . 
Table 4 .20 gives ANOV A results for Butane concentration with size of car used (Small ,  
4 wheel Drive or Van/small truck). As can be seen from this Table size of car had a 
statistical ly significant effect on Butane concentration (p<0.03).  
Table 4 .2 1 shows ANOV A results for Butane concentration with the service of car used 
(regular or when necessary). As can be seen from this Table service of car had a 
statistical ly significant effect on Butane concentration (p<0.02). 
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Table 4.22 gives A OVA results for Carbon monoxide concentration with the service of 
car used (regular or when necessary) .  As can be seen from this Table service of car had 
no ignificant effect on carbon monoxide concentration (p>0.05).  
Table 4.23 gi es A OVA results for Propane concentration with the service of car used 
(regular or when necessary). As can be seen from this Table service of car had a 
statistical ly significant effect on propane concentration (p<0.004). 
Table 4 .24 gives ANOV A results for Water concentration with the service of car used 
(regular or when necessary). As can be seen from this Table service of car had no 
significant effect on Water concentration (P>0.05) .  
Overall, there were very good correlation between pollutant, size of the car, model of 
the car type of fuel used, maintenance of the car and number of cylinders. 
1 0 1  
Table - 4. 1 Characteristics of Cars Surveyed 
Make of the Car Number Percentages 
Japane e 1 03 69.5 
European 2 1  1 4 .2  
mencan 2 1  1 4 .2  
Korean 3 2 . 1 
Model of the Car by Year 
1 979 - 1 985  6 4. 1 
1 986 - 1 990 32 2 1 .6 
1 99 1  - 1 995 1 1 0 74.3 
Size of the Car 
mall 1 20 8 1 .0 
4 Wheel Drive 26 1 7 .6  
Van / Small Truck 2 1 .4 
Type of Fuel Used 
Regular 2 1  1 4 .2  
pecial 1 27 85 . 8  
Reason for Driving 
Self 1 42 96.0 
Taxi 3 2 .0  
Government 3 2.0 
Service for the Car 
Regular 76 5 1 .4 
Only When Necessary 72 48 .6 
Number Cyl inder of Car 
4 Cylinder 77 52.0 
6 Cylinder 20 1 3 . 5  
8 Cylinder 39 26.4 
1 2  Cylinder 1 2  8 . 1  
Table 4.2.a AIR POLLUTION FROM VEH ICLE EMISSION 
TOTAL CASES 1 48 
Pollutant Concentration Mean Std Dev. Geometric 
m Mean 
ppm 0.56 0.22 0.5 1 
BUTA E 
mg/m) l .3 1  0 .53  1 .20 
ppm 1 .43 0.23 1 .4 1  
PROPANE 
mg/m3 2 .58  0.4 1 2 .57 
WATER ppm 30.00 1 3 .48 27.54 
CARBO 
ppm 1 470.84 1 5 1 5 . 88  794.33 
MO OXIDE mg/m3 1 720.89 1 773 .58  9 1 2 .0 1 
Table 4.2.b A I R  POLLUTION FROM VEmCLE EMISSION 
TOTAL CASES 1 48 
Pollutant Concentration Percentile 
III 25 50 75 
Median 
ppm 0.398 0.548 0.697 
BUTANE 
mg/m
3 0.934 1 .287 1 .639 
ppm 1 .292 1 .444 1 . 594 
PROPANE 
mg/m3 2 .326 2.600 2.869 
CARBON 
ppm 3 1 1 .320 696.562 2982 .336 
MO OXI DE mg/m3 364.245 8 1 4.977 3489.333  
1 02 
Minimum Maximum 
0.00 1 .60 
0.00 3 .75 
0 .50 1 .69 
0.90 3 .05 
9.95 79.53 
29.9 1 4975 .44 
35 .00 582 1 .2 1  
90 98 
0 .796 0 .798 
1 . 87 1 1 . 874 
1 .692 1 .693 
3 .045 3 .048 
3980.354 3984.26 
4657.0 1 4  466 1 . 59  
TabJe 4.3.a A I R  POLLUTION FROM VEI DCLE EMISSION 
FOR CARS MANUFACT UR ED BEFORE 1 99 1  (38 CASES ) 
Pol lutant Concentration Percentile 
m 25 50 75 
Median 
ppm 0.373 0 .548 0 .795 
BUTA E 
mg/m3 0.877 1 .287 l . 869 
ppm 1 .268 1 .444 1 .690 
PROPA E 
mg/m3 2.283 2 .600 3 .042 
CARBON 
ppm 249.0 1 7  597.934 3606.2 1 9  
MO OXIDE mg/m3 29 1 .350 699.583 42 1 9.276 
Table 4.3.b AI R POLLUTION FROM VEIDCLE EM ISSION 
90 
0.796 
1 . 87 1 
1 .692 
3 . 045 
3980.354 
4657.0 1 4  
FOR CARS M ANUF ACTURED BETWEEN 1 99 1  & 1 992 
(39 CASES) 
Pol lutant Concentration Percentile 
m 25 50 75 90 
Median 
ppm 0.398 0.548 0.697 0.796 
BUTANE 
mg/m3 0.934 1 .287 1 .639 1 . 870 
ppm 1 .292 1 .444 1 . 594 1 .692 
PROPANE 
mg/m3 2.326 2 .600 2 . 896 3 .045 
CARBON 
ppm 3 1 1 .320 696.562 2982 .336 3976.447 




1 . 873 
1 .695 
3 . 05 1 
4975 .44 
582 1 .26 
98 
0.798 
1 . 873 
1 .695 
3 .05 1 
4976.440 
582 1 .260 
Table 4.3.c AIR POLLUTION FROM VEH ICLE E MISSION 
FOR CARS MANUFACTURED AFTER 1 993 (58 CASES) 
Pollutant Concentration Percentile 
III 25 50 75 90 
Median 
ppm 0.448 0 .548 0 .795 0.796 
BUTANE 
mg/m3 1 .053 1 .289 1 . 869 1 . 87 1 
ppm 1 .344 1 .446 1 .690 1 .692 
PROPANE 
mg/m3 2.4 1 9  2 .602 3 .042 3 .045 
CARBO 
ppm 423 . 524 796.07 1 1 99 1 . 1 55 3980.354 




1 . 8 7 1  
1 .692 
3 . 045 
3980.3 50 
4657.0 1 0  
TabJe 4.4.a A I R  POLLUTION FROM VEmCLE EMISSION 
FOR CAR USING REGULAR FUEL (2 1 CASES) 
Pol lutant Concentration Percentile 
In 25 50 75 
Median 
ppm 0.299 0 .548 0.697 
B TANE 
mg/m3 0 .703 1 .289 1 .639 
ppm 1 . 1 96 1 .446 1 . 594 
PROPANE 
mg/m3 2. 1 54 2 .602 2 .869 
CARBON 
ppm 224.09 1 497.544 747.050 
MO OXIDE 
mg/m3 262 . 1 86 582. 1 27 874.049 
Table 4.4.b A I R  POLLUTION FROM VEmCLE E M ISSION 
FOR CAR USING SPECIAL FUEL (1 27 CASES) 
Pollutant Concentration Percentile 
In 25 50 75 
Median 
ppm 0.398 0.548 0.697 
BUTANE 
mg/m3 0.936 1 .287 1 .639 
ppm 1 .292 1 .444 1 . 594 
PROPANE 
mg/m3 2.326 2.600 2 .869 
CARBON 
ppm 398.035 795 .289 2982.336 
MO OXIDE mg/m3 465 . 70 1  930.489 3489.333  
1 05 
90 98 
0 .796 0 .798 
1 . 87 1 1 . 873 
1 .692 1 .695 
3 .045 3 .05 1 
3482.809 4975 .440 
4074 .887 582 1 .260 
90 98 
0 .796 0 .798 
1 . 8 7 1  1 . 874 
1 .692 1 .695 
3 .045 3 .05 1 
3980.354 4975 .440 
4657.0 1 4  582 1 .260 
Table 4.5.a AI R POLLUTION FROM VEI DCLE EM ISSION 
FOR 4 CYLI NDERS TOTAL CASES 77 
Pol lutant Concentration Percentile 
In 25 50 75 
Median 
ppm 0.398 0 .547 0 .696 
BUTA E 
mg/m3 0.934 1 .286 1 .636 
ppm 1 .292 1 .443 1 . 59 1  
PROPA E 
mg/m3 2.326 2.597 2 .864 
CARBO 
ppm 249. 1 39 498.033 895 .09 1 
MO OXIDE mg/m3 29 1 .493 582.699 1 047.257 
Table 4.S.b AIR POLLUTION FROM VEHICLE EMISSION 
FOR 6 CYL IN DERS TOTAL CASES 20 
Pollutant Concentration Percentile 
10 25 50 75 
Median 
ppm 0.548 0.697 0 .796 
B UTANE 
mg/m3 1 .288 1 .639 1 . 870 
ppm 1 .407 1 . 594 1 .69 1 
PROPANE 
mg/m3 2 .533  2 .869 3 .044 
CARBON 
ppm 323 .624 896.460 2365 . 1 70 
MO OXIDE mg/m 3 378.640 1 048 .858 2767.248 
1 06 
90 98 
0 .795 0 .797 
1 . 869 1 . 873 
1 .690 1 .693 
3 .043 3 .048 
3082.430 3984.260 
3606.444 4662 .000 
90 98 
0 .797 0 .797 
1 .874 1 . 874 
1 .695 1 .695 
3 .050 3 .050 
397.447 3976.440 
4652.444 4653 .000 
Table 4.S.c A I R  POLLUTION FROM VE HICLE EMISSION 
FOR 8 CYL INDERS TOTAL CASES 39 
Pol lutant Concentration Percentile 
In 25 50 75 
Median 
ppm 0.299 0.548 0 .795 
BUTANE 
mg/m3 0 .703 1 .287 1 . 869 
ppm 1 . 1 96 1 .444 1 .690 
PROPA E 
mg/m3 2 . 1 54 2.600 3 .042 
CARBO 
ppm 498 .033 2985 .265 3980. 354 
MONOXIDE mg/m3 582.699 3492.760 465 7.0 1 4  
Table 4.S.d AIR POLLUTION FROM VEIDCLE EMISSION 
FOR 12 CYLINDERS TOTAL CASES 12  
Pol lutant Concentration Percenti le 
m 25 50 75 
Median 
ppm 0.547 0.622 0 .77 1 
BUTANE 
mg/m3 1 .286 1 .46 1 1 . 8 1 1 
ppm 1 . 333  1 .444 1 . 593 
PROPANE 
mg/m3 2 .399 2.600 2 .867 
CARBO 
ppm 722.663 996 .557 3480.369 
MONOXIDE mg/m 3 845 . 5 1 6  1 1 65 .972 4072.032 
1 07 
90 98 
0 .796 0 .796 
1 . 87 1 1 . 8 7 1  
1 .692 1 .692 
3 . 045 3 .045 
4473 . 503 4474.000 
5233 .999 5234.000 
90 98 
0 .797 0 .797 
1 . 873 1 .873 
1 .690 1 .690 
3 . 042 3 .045 
398 1 .92 1 3982.000 
465 8. 848 4659.000 
Table 4.6 ANALYSIS OF VARIANCE 
USING UNIQUE SUMS OF SQUARES 
BUT ANE CONCENTRATION (ppm) BY CYLINDER 
Sou rce of urn of DF 
Variation Sq uare 
Explained .27 1 3 
Residual 7. 1 29 1 44 
Total 7 .400 1 47 





USING UNIQUE SUMS OF SQUARES 
F 
1 . 825 
BUT ANE CONCENTRATION (mglmJ) BY CYLINDER 
Source of Sum of DF Mean Square F 
Variation Square 
Explained 1 .497 3 .499 1 . 825 
Residual 39 .368 1 44 .273 




. 1 45 
Sig. of 
F 
. 1 45 
Table 4.8 ANALYSIS OF VARIANCE 
USING UNIQUE SUMS OF SQUARES 
1 09 
CARBON MONOXIDE CONCENTRATION (ppm) BY CYLINDER 
Sou rce of  urn of DF 
Va riation Square 
Explained 6 1 26 1 555 3 
Re idual 276529928 1 44 
Total 33779 1 483 1 47 
Table 4.9 ANALYSIS OF VARIANCE 
Mean Square 
204205 1 8 .240 
1 920346.723 
229790 1 .244 
USING UNIQUE SUMS OF SQUARES 
F Sig. of 
F 
1 0 .634 .000 
CARBON MONOXIDE CONCENTRATION (mglm;!) BY CYLINDER 
Source of Sum of DF Mean Square F Sig. of 
Variation Square F 
Explained 83860942 3 27953647.4 1 8  1 0 .634 .000 
Residual 37854 1 8 1 9  1 44 2628762.6 1 3  
Total 46240276 1 1 47 3 1 45597.0 1 3  
Table 4. 1 0  ANALYSIS OF VARIANCE 
USING UNIQUE S UMS OF SQUARES 
PROPAN E CONCENTRATION (ppm) BY CYLI N DER 
Source of Sum of DF 
Variation Square 
E plained .224 3 
Residual 7 . 549 1 44 
Total 7 .773 1 47 





USING UNIQUE SUMS OF SQUARES 
F 
1 .424 
PROP ANE CON CENTRA TION (mg/m;!) BY CYL I NDER 
Source of Sum of DF Mean Square F 
Variation Square 
Explained .725 3 .242 1 .424 
Residual 24.458 1 44 . 1 70 
Total 25 . 1 83 1 47 . 1 7 1 







Table 4. 1 2  ANALYSIS OF VARIANCE 
USI NG UNIQUE SUMS OF SQUARES 
WATER CONCENTRATION (ppm) BY CYLINDER 
Source of Sum of DF Mean Square 
Variation Sqnare 
Explained 2 1 43 .4 1 9  3 7 1 4.473 
Re idual 24563 .485 1 44 1 70 .580 
Total 26706.903 1 47 1 8 1 .680 






USING UNIQUE SUMS OF SQUARES 
BUTANE CONCENTRATION (ppm) BY F UE L  
S u m  of DF Mean Square 
Square 
.054 1 . 054 
7 .346 1 46 .050 
7 .400 1 47 .050 
1 1 1  
F Sig. of 
F 
4. 1 88 .007 
F Sig. of 
F 
1 .077 . 30 1  
Table 4. 1 4  ANALYSIS OF VARIANCE 
USING UNIQUE SUMS OF SQUARES 
CA RBON MONOX I DE CON CENTRA TION (ppm) BY FUEL 
Source of Sum of DF Mean Square 
Variation Square 
E plained 1 1 , 1 40,4 1 3  1 1 1 , 1 40,4 1 2 . 5 1 4  
Residual 326,65 1 ,070 1 46 2,373,336.098 
Total 337 79 1 ,483 1 47 2,297,90 1 .244 
Table 4. 1 5  ANAL YSIS OF VARIANCE 
USING UNIQUE SUMS OF SQUARES 
PROP ANE CON CENTRA TION (ppm) BY FUEL 
Source of Sum of DF Mean Square 
Variation Square 
Explained .03 1 1 .03 1 
Residual 7 . 742 1 46 .053 




. 5 76 













USING UNIQUE SUMS OF SQUARES 
WATER CONCENTRATION (ppm) BY FUEL 
Sum of DF Mean Square 
Square 
2 1 5 .587  1 2 1 5 . 587  
2649 1 . 3 1 6  1 46 1 8 1 .447 
26706.903 1 47 1 8 1 .680 






USING UNIQUE SUMS OF SQUARES 
WATE R  CON CENTRA TION (ppm) BY SIZE 
Sum of DF Mean Square 
Square 
1 629.7 1 7  2 8 1 4 .859 
25077. 1 86 1 45 1 72 .946 
26706.903 1 47 1 8 1 .680 
1 1 3 
F Sig. of 
F 
1 . 1 88 .277 
F Sig. of 
F 
4 .7 1 2  .0 1 0  
Table 4. 1 8  ANAL YSIS OF VARIANCE 
USING UNIQUE SUMS OF SQUARES 
PROPANE CONCENTRATION (ppm) BY SIZE 
Source of Sum of DF 
Variation Square 
Explained .299 2 
Residual 7 .474 1 45 
Total 7 . 773 1 47 
Table 4. 1 9  ANALYSIS O F  VARIANCE 
Mean Square 
. 1 49 
.052 
.053 
USING UNIQUE SUMS OF SQUARES 
F 
2. 896 
CARBON MONOXI DE CONCENTRATION (ppm) BY SIZE 
Source of Sum of DF Mean Square F 
Variation Square 
Explained 5224 1 8 1 1 2 26 1 20905 . 383 1 3 .264 
Residual 285 549672 1 45 1 969308.084 
Total 33779 1 483 1 47 229790 1 .244 













USI NG UN IQUE SUMS OF SQUARES 
BUTANE CONCENTRATION (ppm) BY SIZE 
Sum of DF Mean Square 
Square 
. 3 82 2 . 1 9 1  
7 .0 1 8  1 45 .048 
7 .400 1 47 .050 
Table 4.2 1 ANALYSIS OF VARIANCE 
USING UNIQUE SUMS OF SQUARES 
BUTANE CONCENTRATION (ppm) BY SERVICE 
Source of Sum of DF Mean Square 
Variation Square 
Explained .288 1 .288 
Residual 7 . 1 1 2 1 46 .049 
Total 7 .400 1 47 .050 
1 1 5 
F Sig. of 
F 
3 .947 .02 1 
F Sig. of 
F 
5 .9 1 2  .0 1 6  
Table 4.22 ANALYSI S OF VARIANCE 
USING UN IQUE SUMS OF SQUARES 
CARBON MONOXIDE CONCENTRATION (ppm) BY SERVICE 
ource of Sum of DF Mean Square 
Variation Square 
E plained 2954922 1 2954922.280 
Residual 33483656 1 1 46 229340 1 . 1 00 
Total 33 779 1 483 1 47 229790 1 .244 
Table 4.23 ANALYSIS OF VARIANCE 
USING UNIQUE SUMS OF SQUARES 
P ROP ANE CON CENTRA TION (ppm) BY SERVICE 
Source of Sum of DF Mean Square 
Variation Square 
Explained .42 1 1 .42 1 
Residual 7 .352 1 46 .050 




8 .357  







Table 4.24 ANALYSIS OF VARIANCE 
USING UN IQUE SUMS OF SQUARES 
WATER CON CENTRA TION (ppm) BY SERVICE 
Source of Sum of DF Mean Square 
Variation Square 
E "plained 32 .097 1 32.097 
Re idual 26674. 806 1 46 1 82 .704 
Total 26706.903 1 47 1 8 1 .680 
1 1 7 
F Sig. of 
F 
. 1 76 .676 
5. 
1 1 8 
CHAPTER - FIVE 
ION 
Air Pol lution emission inventories provide an important basis for pollution control and 
regulation strategies. They provide information on the relative contribution to pollutant 
emission by arious sources, and form a basis for determining priority areas for 
emissions reduction, by either abatement measures or modifications in fuel usage. In 
addition, they provide the necessary input data required for dispersion modell ing studies, 
which are used to predict the impact of emissions upon local air qual ity, for 
interpretation with relevant standards and guidel ines. An inventory of air pol lution 
emISSIOns for the Abu Dhabi Emirate has been prepared, taking into consideration 
significant point, area and mobile sources. 
Source of Emissions 
The inventory of point source emissions has focused upon emissions of sulphur dioxide 
and Carbon Monoxide which are the principal pollutants of concern. Both of these 
pol lutants are known to have adverse effects upon human health. Principal sources of 
sulphur dioxide and carbon monoxides emissions are associated with the combustion of 
fuels and with other industrial process emissions, such as the operation of flare stacks. 
Ideal ly an inventory of emissions should be based on emission measurements made 
over a representative set of source operating conditions, so that reliable time average 
data can be obtained. In the absence of this, emission estimates can be determined from 
the results of measurements carried out at similar plants. This does, however require the 
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plant to be sufficiently well described and for actual fuel consumption or process 
detai ls to be specified. 
Technical data supplied by plant operations should be of a standard which can be fed 
directly into the emission source computer data base. Nevertheless such data requires 
checking. One way is to do spot measurements on some of the sources. One can also 
carry out self consistence checks and cross comparisons with published data. 
Proposed Air Quality Guidelines 
The guidel ine value proposed are ones that would be regarded as long-term goals for the 
protection of human health and for the avoidance of adverse environmental effects, 
including damage to vegetation. However, due to the limited extent and nature of 
egetation in the Emirate, pol lution damage to vegetation is unl ikely to be a problem. 
The species grown are largely slow growing, ornamental shrubs and trees and not more 
fast growing crops and grasses, and therefore pol lution sensitivity wil l  probably be low. 
Furthermore, regular watering of the vegetation in Abu Dhabi will tend to wash 
pol lution deposits from the leaves. 
To a larger extent the guideline values have been drawn direct from the World Health 
Organization ( 1 979) material, taking into account any particular circumstances that may 
be relevant to the Emirate. Where carcinogenic activity was considered to be the main 
adverse effect of a pollutant, the World Health Organization ( 1 979) procedure was to 
develop "unit risk estimates" rather than to defme actual air quality standards. The 
defmition of such an estimate is :  "the additional l ifetime cancer risk occurring in a 
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hypothetical pol lution in which all individuals are exposed continuously from birth 
throughout their lifetime to a concentration of 1 1-lg/m3 of the agent in the air they 
breathe". There is not general guidance on what would constitute an "acceptable" risk, 
but it has been placed by arious authorities somewhere in the range of 1 in 1 04 to 1 06. 
Bearing in mind that the overall risk of developing cancer in the course of a l ifetime is 
of the order of 1 in 5 in most populations, and that the risk estimates tend to be on the 
cautious side guideline value for the 2 or 3 pol lutants considered below in terms of 
carcinogenic effects have been based on unit risk estimates around 1 in 1 0
4 
to 1 05 . 
In  the case of nitrogen dioxide, sulphur dioxide and ozone, proposals for standards have 
already been made above and it may hardly be necessary to specify guidelines, since 
compliance with the (short-term) standards may ensure that longer-term average values 
are within or close to guidelines derived in other ways. 
Sulphur  Dioxide 
There is an annual mean value of 50 I-lg/m3, linked with accompanymg smoke or 
suspended particulates, proposed by World Health Organization that is based on long­
term effects on health. Correspondingly the EC specify a guide value, inter-related with 
smoke, in the range 40 to 60 I-lg/m
3 . In respect of damage to vegetation, World Health 
Organization; annual mean figure is 30 I-lg/m3 . Again bearing in mind limited vegetation 
problems in the Emirates, the guideline suggested to embrace both health and ecological 
aspects is 40 I-lg/m3 annual mean. 
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There are a number of difficult decisions to be made in proposing air quality guidelines 
and standards. The approach used in the present study has been to use values and 
averaging periods mo t relevant to effects under consideration, but the way in which 
the are e pressed depends also on some prior knowledge of the practical situation 
regarding the distribution of pollutants and the influence of topographical and 
meteorological factors on them. At the present stage information of this kind for Abu 
Dhabi is minimal, and it is anticipated that as information becomes avai lable from 
monitoring activities it may be necessary to review the proposals with a possibi l ity of 
either raising or lowering the values and/or changing the way in which they are 
expressed. I n  any case, as in other countries and international groups, it is always 
necessary to keep such matters under review, as new information emerges about local 
causes and effects of pollutants. 
Tables 5 . 1 and 5 .2  summarise the air quality criteria proposed for use within the Abu 
Dhabi Emirate. We recommend that the stated criteria be adopted for planning purposes. 
It should be noted that for each pol lutant for which a 98 percentile is the proposed 
standard, the figure specified as the 98 percentile could be used. 
Carbon Monoxide 
The CO level determined is quite comparable to the results reported from the US Air 
Monitoring network for the residential and sub-urban areas in Columbia ( 1 . 8 ppm), in 
Harris (0.6 ppm), and Houston ( l .0 ppm), Wallace and Ziegenfus ( 1 985) .  The level 
however, is quite close to the 1 .6 ppm level reported for Cape Meanes on the Oregen 
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Coa t, Khal il and Rasmussen ( 1 986). It was also sl ightly lower then the 24 h mean of 
2 . 1 3  pphm reported for teatenvi lle, Ohio USA, Samet et al ( 1 99 1 ). 
Various factors are likely to contribute to the monthly distribution variation. The 
Temperature, wind speed, wind direction relative humidity are among the variation that 
shows marked monthly fluctuation in UAE. The role of temperature in exploring the 
monthly variations of gases was frequently stressed. So Chang et al . ( 1 980). The role of 
'Wind speed, mixing height and solar radiation was also pointed out by Holzworth 
( 1 972), the seasonal variabil ity of the pollutants may result from the difference in the 
afternoon dai ly maximum mixing height. 
The Presence of the parking lot for the Sports Club in the immediate vicinity of the 
station and its probable effect on the level of pol lution should also be considered. The 
frequent start up and traffic idl ing when driving for a parking lot of this size is expected 
to cause a much higher emission from exhaust particularly, Chang et al ( 1 980), and 
UNEP ( 1 98 1 ) . Emissions of hydrocarbons from a large vehicle population while parking 
is known, Nelson ( 1 98 1 ) . 
The problem of pollution by traffic exhaust in Kuwait cannot be avoided. Significantly, 
pol lution by CO, NOx, NCH4 and 03 revealed mostly from traffic was detected in the 
residential areas in Kuwait, Hadi and EI-Desoukey ( 1 987). 
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The problem of pollution by traffic exhaust in the urban area in V.A.E cannot be over 
emphasized. Th number of ehicles is growing at a high rate. Moreover, the gases and 
particulates are emitted at the breathing level .  Commuters and pedestrians are 
particularly at risk. 
In Kuwait with the land use practice of the separation of industrial from residential 
development the major source of air pol lution in the residential areas is only traffic .  The 
role of 0" and Hydrocarbons in the generation of 03 should be given due concern 
owing to the relatively higher UV and Solar radiation (Koll ias and Baqer - 1 986). 
An abstract from the recent inventory done for Kuwait usmg the World Health 
Organization ( 1 979) Rapid Assessment Method is shown in Table (A). 
The traffic is contributing about 95 .9% of the CO and 76.2% of NMCH4 Hydrocarbons. 
With NO" the contribution is around 25% of the total .  The contribution to S02 is rather 
minimal ( . 1 2%) since most of the vehicles are gasol ine powered. The emission of TSP 
amounts to 2802 tons or 2 .9% of the load. However, this is l imited to the particulate 
emission from exhaust and tyre and brake l ining and does not consider the particulates 
that result from the movement of traffic or the unpaved roads or driving on offstreet 
parking lots (AI-Damkhi and Boushahri - 1 986). 
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Table (A) : The emission loads resulting from the traffic movements together with their 
percentage of the total. 
Pollutant Weight (Ton) % 
CO 33 5272 95 .90 
Hydrocarbons 5 1 8 1 4  76.20 
NOx 27943 25 .90 
S02 753 0. 1 2  
TSP 2802 2 .90 
No cars are manufactured or assembled in Kuwait. Moreover, no emission standards are 
being enforced. The vast majority are gasol ine powered and no lead-free gasol ine is  yet 
available. A survey of the exhaust emissions from a random sample of 270 gasoline 
powered vehicles was recently done (AI -Mazidi et al. ( 1 983) .  The vehicles are divided 
equal ly between American, European and Japanese cars. The mileage was also 
considered in the choice of sample. The vehicle was tested at the Traffic Department 
faci li ty .  The testing covered CO and Hydrocarbons emissions. 
Some recommendations were came out of the investigation. These included setting an 
idle emission testing programme to be run by the Traffic Department; setting CO and 
Hydrocarbon emission standards, production of lead free gasol ine, improved 
maintenance and increase the acceptance of mandatory inspection by the community by 
Education of the Public and Promotion of their participation. A training programme for 
the staff of the Traffic Department in vehicle inspection is underway. 
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Air Pollution Emis ions in Habshan 
Con idering all emission from the industrial complex, the maximum predicted annual 
mean concentrations at the housing complex are 2 - 5 �g/m3 for Sulphur Dioxide. 
Anal si of the prevail ing winds for the area indicate that emissions from the industrial 
complex will be taken away from the Housing Complex. However, independent 
measurements of sulphur dioxide carried out at the housing complex suggest that dai ly 
mean concentrations are relatively high (62 �g/m3) and indicate that the possibil ity of 
localised sources of sulphur dioxide at the housing complex needs to be investigated. 
The refinery is major emission source of sulphur dioxide in the region, with the 
hydrogen plant refom1er and catalytic reformer making the biggest contribution to 
overall refinery emissions. These residential areas are all relatively remote from 
industrialized and heavily trafficked regions. Downwind profiles for emission sources 
indicate that the contribution of emissions to ground level concentrations at distances of 
25 km or more from the source will be negl igible. 
Air Pollution Dispersion Modell ing 
Air pol lution dispersion modell ing has been used to predict the air quality impact of 
emissions from both point sources and mobile sources in the Abu Dhabi Emirate region 
and from point sources in the vicinity of Das Island Industrial Complexes. Consideration 
has been given to both short term 1 hour peak concentrations, and long tenn annual 
averages, associated with emissions of sulphur dioxide. On the basis of this model l ing 
exercise, it is considered very unlikely that either the proposed air qual ity standard or 
guideline for sulphur dioxide is exceeded within Abu Dhabi Emirate. 
1 26 
At Da Island, the plumes from flare stacks are brought to ground c lose to the stacks 
under specific weather conditions and caused very elevated concentrations to occur. It is 
considered likely that proposed standard for sulphur dioxide is exceeded at several sites 
on the Island. 
Air Pollution Emissions in Das Island 
Predictions have been made of the short term concentrations of sulphur dioxide 
associated with the flare stacks at Das I sland and peaks as high as 4700 Ilg/m3 have been 
predicted. These peaks are associated with unstable weather conditions when the plumes 
are brought to ground close the stacks. The flare stackes are responsible for the majority 
of these sulphur dioxide emissions at Das I sland which emitting sulphur dioxide at a rate 
of about 1 2800 g/s before a new desulphurisation plant was commissioned which 
radically improved the composition and quantities of these emissions. 
Traffic Pol lution Emissions : 
Traffic Sources 
Traffic is an important emission source in Abu Dhabi City. The impact of road traffic on 
the air quality of the city depends on factors such as the traffic density (and therefore 
traffic speed and flow) and the traffic composition (i .e the proportion of petrol and diesel 
driven engines). Little information of this sort for Abu Dhabi City was available, so a 
brief survey of traffic flow and composition was carried out at a number of locations 
within the city . These observations suggest that two - way traffic flow varies from 220 
to 4500 vehicles per hour (depending on the road and the time of day) and that the vast 
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majority of road vehicles are petrol driven with diesel driven vehicles contributing just 
1 .2% to the total number of vehicles on the road (LS 1 990). 
Petrol driven vehic le are therefore the predominant mobile emISSlOn source of air 
pollution within Abu Dhabi City. It is estimated that contribution of vehicle emissions to 
airborne lead concentrations in Abu Dhabi City will fal l  over the next decade since it is 
understood that from January 1 990 the maximwn lead content of petrol has been limited 
to 0.4 gil and that this limit wi ll be reduced to 0. 1 5  gil over the next one or two years. 
Furthermore, it is expected that lead free petrol wil l  be widely avai lable in the Emirate 
after 1 994/5 , provided the necessary refining faci l ities are in place by then. 
Detai led control programmes should be developed, covering standards to be met and 
time scales for implementation, along the same l ines as the existing plans for reducing 
lead emissions. Requirements should be set for emissions from new vehicles coming 
onto the road (including imported vehicles) and procedures establ ished to ensure 
emissions are regulated throughout the l ife the vehicle. 
This section can be broadly divided into three categories : 
L ight duty vehicles 
2 Medium I Heavy duty vehicles 
3 .  - Off road vehicles, tractors, etc. 
The latter is low priority for regulation and wil l  not be considered further here. The 
control of aviation emissions is an international issue and will also not be considered 
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further. The market for motor ehicles is international and control measures are largely 
determined at an international Ie el .  There is a trend to greater uniformity in emission 
tandards and control technology, in part because the motor manufacturers prefer 
consistenc of the requirements imposed on them. Similar international pressures act on 
the fuel supplier to detennine the formulation of the fuels they supply. 
Against this backgrow1d, it is proposed that the Abu Dhabi Emirate develops emission 
standard requirements along the l ine of those being developed in the USA and in the 
European Community. The issues that wil l  need to be resolved include : -
1 The timetable for implementation. 
2 The test procedure requirements for type approval and production the choices 
between a USA test drive cycle and one being developed in Europe. 
3 The production and supply of unleaded petrol for cars equipped with catalysts. 
4 The requirements to control evaporative emissions. 
5 The procedures for in-service checking of emissions - procedures exist in the 
USA and are being developed for Europe. 
Assuming that Abu Dhabi Emirate will adopt regulations that wil l  require the fitting of 
three way catalysts, and there are sound commercial as wel l  as environmental reasons 
for doing this, then a high priority should be given to the introduction of unleaded 
petrol ,  as is currently planned. There will be a lead time to ensure adequate refinery 
capacity . 
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Table 5. 1 










hourly mean as a 98 percenti le a 
of hourly means throughout the year. 
250 Ilg/m
3 hourly mean as a 98 percenti le a 
of hourly means throughout the year. 
200 mg/m3 hourly mean as a percentage of 
hourly means throughout the year. 
20 mg/m3 hourly mean as a 98 percentile a 
of hourly means throughout the year. 
1 flg/m3 annual mean 
a - i .e .  ninety eight percent of the hourly concentration values wil l  be below this level 
and 2 percent above. 
(SOURCE : LSS Report - 1 990). 
Table 5.2 











PAH as Benzo (a) pyrene 
Toluene 
Fonnaldelyde 
1 , 3 butadiene 
SOURCE : LSS Report ( 1 990) 
Guidelines 
50 )J.g/m
3 annual mean 
40 )J.g/m3 annual mean 
3 60 )J.g/m annual mean 
50 )J.g/m3 annual mean 
1 )J.g/m3 annual mean 
50 )J.g/m3 ruIDual mean 
1 50 )J.g/m3 24 - hour mean 
2 .5 )J.g/m
3 annual mean 
0.00 1 )J.g/m3 mIDual mean 
1 mg/m3 minute mean 
1 00 )J.g/m3 30 - minute mean 
1 )J.g/m3 annual mean 
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6. CONCLUSION 
CHAPTER - SIX 
l 3 1  
Few data are a ai lable on air pollution levels in the United Arab Emirates, although 
re ults of preliminary measurements of sulphur dioxide concentration in Habshan and at 
Da I land had been pro ided without any detai l .  In  this study, measurements are more 
comprehensive and measurements have been carried out over a much longer period. 
In order to better appreciate current pollution levels in Abu Dhabi Emirate, very 
comprehensive measurements programme, and survey was carried for a period of 1 992 -
1 995 in onshore, and for a period of 1 990 - 1 995 in offshore Das I sland. 
The yearly and monthly mean concentrations of sulphur dioxide in Habshan generally 
varied from about 1 3  /lg/m
3 to 60 /lg/m3 during 1 992 - 1 995 .  I t  is l ikely that this peaks 
were attributable to emission from power plants or other industrial processes or 
vehicular emissions. However, the graphic trends showed that the monthly average 
concentration for sulphur dioxide was below the guidelines given by World Health 
Organization (WHO, S02 = 1 25 /lg/m\ 
The yearly and monthly mean concentrations of sulphur dioxide in Das I sland, general ly 
varied from 6 /lg/m3 to 70 /lg/m
3 
during a period between 1 st January 1 990 and 3 1 st 
December 1 994, for five years. Although, regularly a high peak was observed in Zakum 
and Storex areas for the aforementioned intervals. In fact, Zakurn, Storex, Telecomm 
Building and Sahil Vil lage had a high concentrations of Sulphur Dioxide from both 
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indu trial and oil refinery and from the vehicular emissions. The graphic trends showed 
that the monthly a erage concentrations for ulphur Dioxide in Das Island was below 
the guidel ine gi en by World Health Organization. 
In both onshore and offshore locations the frequency of occurrance and magnitude of 
sulphur dioxide peaks were depending on factors such as wind directions, wind speed, 
dry bulb temperature, wet bulb temperature and relative humidity. Furthermore, the 
results from these areas did not exceed the air quality criteria for sulphur dioxide except 
for Zakum and Storex areas in Das I sland there were some abnonnal high periods during 
the years and months, but were back to normal in a short time. 
In Das Is land comparing the produce data for the 1 994 with the data of previous years 
( 1 990, 1 99 1 ,  1 992 & 1 993), it can be seen that the level of emission of S02 has been 
dropped. This reduction is due to the commissioning of new desulphurisation plant in 
Das Is land which treat hydrogen sulfide gas produced with the oil and gas production 
activities. 
The results on Carbon Monoxide exposure from motor vehicles exhaust in Al Ain City 
of Abu Dhabi Emirate for a period between 1 st September - 1 3th November 1 995 was 
presented. Significantly, pollution by Carbon Monoxide resulting mostly from traffic 
was detected in the urban and sub-urban areas of Al Ain City. No cars are manufactured 
in UAE and no regulations as regards to the emission on imported cars are being 
enforced at the moment. The level of carbon monoxide frequently exceeded the Ambient 
Air Quality Standards (AAQS).  
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Analyses of variance revealed that the factors such as make of car, type or size of 
cyl inder, type of fuel , size of car, maintaining service of the car exerted the greatest 
influence on the amount and concentration of carbon monoxide . In conclusion, the 
findings of this stud has emphasised the importance of traffic as a major source of 
pol lution in Al Ain City and sub-urban areas - Abu Dhabi Emirate. 
However, due to high dispersing method of natural air mass movement, the stagnancy is 
ni l .  There is no danger on pol lution threat due to rise of concentration if air pol lutant 
gases unless there is a drastic change in the operation design or operation procedure. 
Regular dai ly, monthly, and monthly survey should be carried out and record should be 
maintained in order to monitor the increase of air contaminants if any prevention. 
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CHAPTER - SEVEN 
7. RECOM MENDATIONS 
I n  order to better appreciate current pollution levels within Abu Dhabi Emirate much 
more comprehensive measurements should be carried out. To fully assess the impact of 
local industry, oi l  refinery and traffic measurements should ideally be carried out over a 
much longer period, possibly in hourly dai ly monthly and yearly. Nevertheless, short­
teml measurements can provide useful information on conditions prevai l ing at the time. 
By taking due account of UAE circunlstances it is possible to form a view on pol lution 
Ie els which might occur over a longer period. 
The motor vehicle is by far the largest contribution to CO accounting for 55% of total 
emissions. The tremendous increase in the number and use of motor vehicles has been 
accompanied by a rapid increase in CO emissions. A great deal and attention should be 
paid to the effects of CO exposure to the concentrations commonly found in urban air 
which caused almost wholly by traffic pollution. Petrol engine is the main source of this 
urban pol lutant and as traffic becomes denser and more wide-spread the problems 
imposed by the inhalation of relatively low concentrations of CO are l ikely to grow 
rather than diminish. These problems could be of special concern in countries where the 
number of vehicles has increased dramatical ly .  
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Having a sessed air pollution emissions and ambient concentrations within the Abu 
Dhabi Emirate then we should develop control strategy where necessary. However, 
con ideration should be given to the future expansion of towns and c ities towards 
industrial emission sources, and the potential decrease in the air qual ity of residential 
areas as a possible consequence. 
7. 1 Proposed Control Measures 
Although the present study suggests that the proposed air qual ity standards are unlikely 
to be exceeded in residential areas in the Emirate, it is appropriate to phase in control 
strategies for stationary and mobile emission sources in order to permit industrial and 
vehicular growth without incurring a threat to human health and the environment. 
Responsibil ity for developing strategies to control effilSSlOns to the atmosphere, 
discharges to water, and waste disposal, should be maintained within the Emirates. 
7.2 Register of Industrial Processes and Emissions I nventory 
A register of industrial processes within the Emirate should be set up, and an on-going 
emission inventory of new and existing plant established. This would involve 
monitoring of emissions from all new and existing plant in  the Emirate and would 
enable the major potential pol lution sources to be identified and then continuously 
reviewed. 
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This regi ter and inventory should extend to stationary point sources and fugitive 
emis ions. Furthermore, an on-gomg m entory of mobi le emissions in Abu Dhabi 
Emirate should be undertaken, with future consideration given to mobi le emissions in 
other residential areas as necessary. 
7.3 In troduction of Industrial Emission Control Limits 
For stationary sources, a phased introduction of emission control l imits should be 
undertaken, with priority given to the most significant emission sources. The approach 
for the Emirate should be to prepare control notes for each major stationary source such 
that all new plants are subject to emission control .  Furthermore, measures to control 
existing plant of particular concern should be developed and any current control 
procedures should be reviewed. 
7.4 I ntroduction of Emission Standards for I mproved Vehicles 
Detai led control programmes for road vehicles should be developed, covering standards 
to be met and timescales for implementation. Emission standard requirements should be 
developed along the l ines of those in the USA and European Community; European 
Community legislation on emissions from diesel and petrol driven vehicles, and on the 
composition of fuel (WHO 1 980). 
7.5 Traffic Counts 
Routine traffic counts should be made at monthly intervals (at least) at several locations 
in Abu Dhabi Emirate. This would enable the database of information on traffic in the 
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Emirate to be updated regularly and would aid the identification of the best approach to 
mobile emission control .  
7.6 Air Quality Measurements 
Routine air qual ity measurements should be made in the Emirate, with particular 
consideration given to residential areas and areas near the major emission sources. Such 
air qual ity measurements are essential to test compliance with proposed air quality 
criteria and to enable air quality criteria for the Emirate to be reviewed and updated as 
necessary. Al l  air quality monitoring should be subject to regular qual ity assurance 
auditing to ensure that a valid and useful air quality database is developed. 
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ABBREVIA TION 
°c = Temperature Degree in Celcius 
C = Carbon 
CO Carbon Monoxide 
CO2 Carbon Dioxide 
CH4 Methane Gas 
EC European Countries 
HC Hydro Carbons 




Km Ki lometer 
mg/m 3 Mil igram Per Cubic Meter = 
Ox Nitrogen Oxides 
N02 Nitrogen Dioxide 
O2 Oxygen Gas 
OH Hydroxide 
PAHs = Polynuclear Aromatic Hydrocarbons 
ppm Part Per Mil l ion 
SOx Sulphur Oxides 
S02 Sulphur Dioxide 
pg/m 
3 Microgram Per Cubic Meter 
WHO World Health Organisation 
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